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NOTATIONS 


The  following  symbols  are  used  in  this  report: 


Symbols 

Ac 

amax 

BC 

C 


and  Abbreviations 

=  area  of  triaxial  test  specimen  after  consolidation 
=  maximum  base  rock  acceleration 

=  Skerapton's  pore  pressure  coefficient  after  con¬ 
solidation 

=  cone  penetration  test  sounding  prefix 
=  cohesion  intercept  of  a  strength  envelope 


CR  =  clearance  ratio  of  sampling  tube 


ID  -  CE 
CE 


where  ID  =  inside  diameter  of  tube 

and  CE  =  inside  diameter  of  cutting  edge 

CR  =  consolidated  undrained  cyclic  load  triaxial  test 

CRR  =  SR  test  followed  by  an  R  phase 

D^o  =  diameter  at  which  10%  of  the  soil  is  finer  by  weight 
E  =  east 


et 

=  void  ratio  in 

sampling  tube 

e 

=  void  ratio 

ec 

=  void  ratio  after  consolidation 

ES 

=  exploration  s 

haft 

e  1  98  5 

=  in  situ  void 

ratio  at  time  of  sampling 

in  1985 

e  1  9  7  1 

=  in  situ  void 

ratio  immediately  prior  to 

1971 

San  Fernando 

earthquake 

F  =  force 

Fa  =  maximum  cyclic  load  applied  in  CR  test 


NOTATIONS 

(continued) 

FD  =  field  density  test 

Fl  =  factor  of  safety  against  liquefaction  susceptibility 
(equal  to  ratio  of  Sus/x(j) 

Fr  =  maximum  load  above  anisotropic  load  felt  by  sample 
during  cyclic  loading  in  CTT  test 

ft  =  feet 

G  =  specific  gravity  of  solids 

G  =  shear  modulus 

g  =  acceleration  due  to  gravity  (32.2  feet  per  second) 

Graax  =  shear  modulus  at  very  low  strains 

Kc  =  consolidation  stress  ratio  =  °1c/°3c 

KQ  =  coefficient  of  lateral  earth  pressure,  equal  to 
5h/5v 

k(t)  =  time  history  of  average  acceleration  of  sliding  mass 
kmax  =  maximum  value  of  k(t) 

ky  =  yield  acceleration 

LV  =  laboratory  vane  shear  test;  undrained 

N  =  north 

N  =  standard  penetration  te^r  hlowcount,  blows/foot 
NGVD  =  National  Geodetic  Vertic  atura;  elevation 

p  =  mean  of  minor  and  major  effective  principal  stresses 
or  vertical  effective  stress  when  used  in  the  form  c/p 

q  =  one  half  of  difference  between  major  and  minor 

principal  stress;  shear  stress  on  plane  inclined  at 
45°  to  major  principal  plane; 

qa  =  maximum  applied  q  during  Cj£  test;  summation  of 
qc  and  Fa/A^ 
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NOTATIONS 

(continued) 

qc  ^  q  at  completion  of  consolidation 

qp  =  q  when  peak  shear  stress  is  reached  during  triaxial 
test 

qr  =  maximum  soil  stress  felt  by  sample  during  CR  test; 
summation  of  qc  and  Fr/Ac 

qs  =  q  during  steady  state  deformation 

qus  =  q  during  steady  state  deformation;  undrained 
conditions 

R  =  consolidated  undrained,  raonotonically  loaded  triaxial 
test 

S  =  south 

S  =  degree  of  .saturation 

S  =  split-spoon  sample  boring  number  prefix 

S  =  consolidated  drained,  raonotonically  loaded  triaxial 
test 

sec  =  seconds 

Sds  =  drained  steady  state  shear  strength 
SSL  =  steady  state  line 
SUp  =  peak  undrained  shear  strength 
Sus  =  und rained  steady  state  shear  strength 
Sy  =  yield  strength 

t  =  time 

t  =  tons 

tsf  =  tons  per  square  foot 

TS  =  tripod  tube  sample  number  prefix 
U  =  undisturbed  sample  boring  number  prefix 


NOTATIONS 
(cont inued) 


U  =  undisturbed  sample  number  prefix  for  fixed  piston 
samples  from  borings 

uc  =  backpressure  in  triaxial  test 

V  =  volume 

W  =  west 

W  =  weight  of  sliding  mass 

<*s  =  slope  of  line  through  points  representing  steady  _ 
state  of  deformation  on  stress  path  plot  (q  versus  p) 

AV  =  change  in  volume 

Ae  =  change  in  void  ratio 

6  =  shear  deformation 


ra  =  axial  strain 

e s  =  axial  strain  when  steady  state  deformation  is  reached 
during  triaxial  test 

ep  =  axial  strain  when  peak  shear  stress  is  reached  during 
triaxial  test 

Eec  =  axial  strain  at  end  of  cyclic  loading  in  CR  test 
(see  Fig.  F105) 

Erf  =  axial  strain  at  start  of  rapid  failure  in  CR  test 
(see  Fig.  105) 

etr  =  triggering  axial  strain;  axial  strain  required  to 
trigger  liquefaction  failure 

y  =  shear  strain 


y  (-  =  total  unit  weight 
=  dry  unit  weight 

Tfjc  =  dry  unit  weight  at  end  of  consolidation 

Ytr  =  triggering  shear  strain;  shear  strain  required  to 
trigger  liquefaction  failure 
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NOTATIONS 

(concluded) 


n 
*  s 

9  p 

5h 
oi 
oic 
o  3ec 

03s 

03rf 

03 
03c 
of 
of  s 

°o 

T 

Td 


Poisson's  ratio 

friction  angle  at  steady  state  of  deformation  in 
terras  of  effective  stress 

maximum  effective  stress  friction  angle  computed  from 
a  Mohr  diagram 

horizontal  effective  stress 

major  principal  effective  stress 

major  principal  effective  stress  after  consolidation 

minor  princi£al  effective  stress  at  end  of  cyclic 

loading  in  CR  test  (see  Fig.  F105) 

minor  principal  effective  stress  during  steady  state 
of  deformation 

minor  principal  effective  stress  at  start  of  rapid 
failure  in  CR  test  (see  Fig.  F105) 

minor  principal  effective  stress 

minor  principal  effective  stress  after  consolidation 

effective  normal  stress  on  failure  plane 

effective  normal  stress  on  failure  plane  during 
steady  state  of  deformation 

vertical  effective  stress 

octahedral  effective  stress;  also  contact  stress 
between  soil  particles 

shear  stress  on  failure  plane 

driving  shear  stress  on  failure  plane 
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APPENDIX  A 


SUBSURFACE  EXPLORATION  PROGRAM 


A. 1  Purpose  and  Scope 

The  purpose  of  the  exploration  program  was  to  characterize 
and  obtain  undisturbed  samples  of  the  sections  of  the  dam  which 
did  not  fail  in  1971.  Sampling  was  concentrated  in  the  intact 
hydraulic  fill  shell  on  the  downstream  side  of  the  dam. 

The  exploration  program  consisted  of  the  following: 

a.  Six  standard  penetration  test  (SPT)  borings  performed 

by  the  Corps  of  Engineers  waterways  Experiment 
Station  (WES)  between  September  9  and  24,  1985. 

b.  Twelve  cone  penetration  test  soundings  (CPT)  per¬ 

formed  by  the  Earth  Technology  Corporation  (ERTEC)  on 
September  18  and  19,  1985. 

c.  Six  undisturbed  sample  borings  performed  by  WES 

between  September  25  and  October  12,  1985. 

d.  Two  groundwater  observation  wells  installed  by  WES 

on  September  25  and  October  4,  1985. 

e.  One  deep  exploration  shaft  advanced  by  Zamborelli 
Drilling  to  obtain  undisturbed  samples,  perform  in  situ 
density  tests,  and  map  sidewalls  of  the  excavation. 

An  engineer  from  GEI  was  at  the  site  during  the  investi¬ 
gation  to  coordinate  and  observe  borings  and  soundings.  Two 
engineers  from  GEI  performed  all  geotechnical  work  in  the 
exploration  shaft. 

Ttip  locations  of  » i  1  borings,  soundings  observation 
wells,  and  exploration  shaft  are  shown  in  Fig.  5  ui  the  main 
text.  Their  stations  and  elevations  are  presented  in 
Table  Al.  Explorations  were  performed  at  12  locations, 

Nos.  101  to  112,  shown  in  Fig.  5.  Borings  and  soundinqs  are 
referenced  to  their  location  number.  A  description  of  the 
exploration  shaft  is  presented  in  Appendix  B. 

The  main  purpose  of  the  SPT  borings  and  CPT  soundings  was 
to  identify  the  various  layers  comprising  the  dam.  The  SPT 
and  CPT  data  was  used  to  identify  locations  and  depths  for 
undisturbed  sampling  from  borings  and  exploration  shaft. 


Th ..  SPT  borings  were  performed  to:  1)  recover  split- 
spoou  jamples  to  classify  soils  comprising  the  dam  and  foun¬ 
ds''  on  and  2)  obtain  standard  penetration  resistance  values 
(N-values)  of  the  various  layers  encountered.  Six  SPT  borings 
(S101  through  S105  and  Sill)  were  performed  at  the  dam  site. 
Detailed  logs  of  these  borings  prepared  by  GEI  are  included  at 
the  end  of  this  appendix. 

Split-spoon  samples  were  obtained  every  5  feet  in 
Boring  S104.  Intense  stratification  was  observed  in  the 
split-spoon  samples  of  the  hydraulic  fill  in  Boring  SI  04,  and 
it  became  evident  that  continuous  sampling  of  the  hydraulic 
fill  in  future  borings  would  be  necessary  to  define  zonation 
within  the  hydraulic  fill.  Therefore,  split-spoon  samples  in 
the  remaining  five  SPT  borings  were  obtained  every  5  feet  in 
the  upper  compacted  fill,  continuously  in  the  hydraulic  fill, 
and  either  continuously  or  at  5-foot  intervals  in  the  foun¬ 
dation  soils.  Each  boring  was  advanced  at  least  5  feet  into 
foundation  material. 

The  SPT  borings  were  drilled  with  a  Failing  1500  truck- 
mounted  drill  rig  using  standard  rotary  wash  boring  tech¬ 
niques.  Each  borehole  was  advanced  without  casing,  using 
N-rods  and  a  4-inch  fishtail  bit  with  deflectors  which 
discharged  the  drilling  mud  upward.  A  bentonite  drilling  mud, 
maintained  at  the  top  of  the  borehole  during  the  sampling  and 
drilling  operation,  was  used  to  stabilize  the  borehole. 
Split-spoon  samples  were  taken  using  a  1 -3/8-inch-I . D. 
sampling  shoe  attached  to  a  1  1/2- inch- 1 .  D.  by  2 . 0- inch-0.  D. 
split-barrel  sampler.  The  split  barrel  had  room  for  liners, 
but  liners  were  not  used.  A  140-lb  automatic  trip  hammer 
designed  for  a  30-inch  free  fall  was  used  to  drive  the  split- 
spoon  sampler.  The  standard  penetration  test  N-value  used  was 
taken  from  the  second  and  third  6-inch  interval  of  a  24-inch 
drive.  The  rate  at  which  the  blowcounts  were  delivered  was 
approximately  30  to  40  blows  per  minute. 

Stress  wave  energy  measurements  of  the  140-lb  trip  hammer 
system  were  made  by  the  U.S.  Bureau  of  Reclamation  (Farrar, 
1986)1.  The  energy  ratio  of  the  hammer  was  found  to  be  72Z. 


1  List  of  References  is  presented  at  the  end  of  the  main  text. 


A. 3  Cone  Penetration  Test  (CPT)  Soundings 

Twelve  CPT  soundings  (Cl  01  to  Cl  12)  were  performed  at  the 
locations  shown  in  Fig.  5.  CPT  sounding  procedures  and 
results  are  presented  by  the  Earth  Technology  Corporation 
(1985). 

The  CPT  soundings  were  conducted  in  general  accordance  wi 
ASTM  Specification  D3441-79  using  an  electronic  cone  penetrom¬ 
eter.  The  cone  tip  and  friction  sleeve  had  outside  diameters 
of  4.37  cm  and  a  cross-sectional  area  of  15  sq  cm. 


A . 4  Undisturbed  Cample  Borings 

Undisturbed  sample  borings  were  performed  to  obtain 
undisturbed  samples  suitable  for  laboratory  triaxial  testing 
and  void  ratio  measurements.  Six  undisturbed  sample  borings 
were  performed  at  the  site.  Five  undisturbed  sample  borings 
(U102  through  U105  and  U 1 1 1  )  were  located  5  feet  east  of  the 
SPT  borings  with  the  same  location  numbers.  One  boring, 

U 1  1 1 A ,  was  located  5  feet  south  of  Boring  Sill.  Logs  of  each 
of  the  undisturbed  borings  are  presented  at  the  end  of  this 
appendix . 

Eighty  fixed-piston  tube  samples  were  obtained  in  the  six 
undisturbed  sample  borings.  Data  for  each  undisturbed  fixed- 
piston  sample  is  presented  in  Table  A2 . 

The  tube  sample  borings  were  advanced  using  the  same 
equipment  and  drilling  techniques  as  described  in  Section  A. 2. 
Each  tube  sample  was  obtained  using  a  Hvorslev-type  stationary 
fixed-piston  sampler.  Sampling  tubes  were  3 . 0- inch-0. D. , 
36-inch-long  thin-walled  galvanized  coated  steel  tubes  with  a 
wall  thickness  of  1/16  inch.  The  cutting  edge  of  each  tube 
was  machined  and  the  clearance  ratio,  CR,  of  each  tube  was 
measured.  Clearance  ratio  is  defined  and  the  values  for  each 
tube  are  presented  n  Table  A. 2.  Clearance  ratios  of  tubes 
ranged  from  0.08  to  1.28%  and  averaged  0.6%. 

The  tube  sampling  procedure  consisted  of  lowering  the 
sampler  to  the  bottom  of  the  borehole  with  the  actuating  rods 
(attached  to  the  fixed  piston)  inside  the  drill  rods.  The 
actuating  rods  were  fixed  to  an  independent  frame  that  was  set 
up  over  the  borehole.  The  frame  was  supported  on  steel  rods 
driven  2  feet  into  the  ground.  The  sampler  was  pushed 
hydraulically  in  a  smooth  continuous  motion  until  a  pressure 
of  550  psi  or  24  inches  of  penetration  was  reached.  The 
penetration  and  any  movements  of  the  actuating  rods  and  frame 
were  carefully  measured  before  and  after  each  push.  The  rube 
was  withdrawn  from  the  bottom  <■  f  the  borehole  in  a  smooth 
constant  motion  using  hydraulic  pressure  to  pull  the  rube  at  a 


race  of  1  inch  per  second  or  less  for  the  first  2  feet.  After 
the  sampler  was  pulled  free  from  the  bottom  of  the  borehole, 
withdrawal  continued  to  the  ground  surface  at  a  slow  uniform 
rate  no  greater  than  1  foot  per  second. 

Special  care  was  taken  to  avoid  jarring  or  disturbing 
the  tube  samples  during  sampling,  storage,  and  r rans po rtat ion. 
Each  tube  was  held  in  a  vertical  position  at  all  times  from 
sampling  in  the  field  to  arrival  at  GEI's  laboratcrv  in 
Winchester,  Massachusetts.  Precise  measurements  were  made  of 
sample  penetration,  sample  recovery  length,  and  any  change  in 
sample  length  during  storage  and  transportation.  Soil  volume 
changes  which  occurred  during  the  sampling  operation, 
expressed  as  A V/V,  are  summarized  in  Table  A2.  A  large  number 
of  samples  had  very  little  ',r>lurae  change  during  sampling.  Mo 
changes  in  sample  length  were  recorded  after  storage  and 
transportation  to  GEI’s  laboratory. 

All  undisturbed  tube  samples  '.ere  brought  to  Futura 
Engineering  Laboratories  Inc. ,  Santa  Fee  Springs,  California 
for  x-raying.  A  GE I  engineer  was  present  during  x-raying  to 
assist  in  handling  the  tubes. 

A  .  5  Groundwater  Observation  Wells 

Groundwater  observation  wells  were  installed  at 
Locations  1 04  and  111  shown  in  Fig.  5.  Groundwater  obser¬ 
vation  well  reports  are  presented  at  the  end  of  this  appendix. 
The  following  stabilized  groundwater  levels  were  recorded  in 


each  well: 

Well  No. 

Date 

Groundwater 
Eleva  t ion, 
NGVD ,  ft 

CW1  04 

1 0/ 17/85 

1  Cl  6.4 

0W1  1  1 

1 0/17/85 

1011.3 

Groundwater  elevation  in  the  exploration  shaft,  located 
14  feet  from  OW1 1 1 ,  was  1012.4  in  December  1985. 


TABLE  A1  -  SUMMARY  OF  BORING  AND  EXPLORATION  SHAFT 
LOCATIONS  AND  ELEVATIONS 
Lower  San  Fernando  Dam  -  California 


Number ( 1 ) 

Station 

Offset  from  Dam 
Centerline,  ft 

Ground 

Elevation 

(NGVD) 

C101 

16+45 

68.8 

S 

1115.5 

Cl  02 

16+50 

54.0 

N 

•-114.6 

Cl  03 

9+40 

132.0 

S 

1093.9 

Cl  04 

9+40 

73.1 

S 

1 1 14.5 

Cl  05 

9+40 

23.4 

S 

1114.1 

Cl  06 

5+90 

73.1 

s 

1114.8 

Cl  07 

16+45 

23.4 

s 

1115.2 

Cl  08 

12+85 

132.0 

s 

1094.4 

Cl  09 

12+85 

73.1 

s 

1114.9 

C110 

12+85 

23.4 

s 

1114.3 

Cl  1  1 

5+90 

132.0 

s 

1095.1 

Cl  12 

5+90 

23.4 

s 

1114.4 

S101 

1  6+40 

68.8 

s 

1115.5 

SI  02 

16+40 

54.0 

N 

1114.6 

SI  03 

9+35 

132.0 

S 

1093.9 

SI  04 

9+35 

73.1 

s 

1114.5 

S 1  05 

9+35 

23.4 

s 

1114.1 

SI  1  1 

5+85 

132.0 

s 

1095.1 

OW1  04 

9+55 

73.1 

s 

1114.5 

OW1  1  1 

5+95 

132.0 

s 

1095.1 

U1  02 

16+35 

54.0 

N 

1114.6 

U 1  03 

9+30 

132.0 

s 

1093.9 

U104 

9+30 

73.1 

s 

1114.5 

U105 

9+30 

23.4 

s 

1114.1 

U1  1  1 

5+80 

132.0 

s 

1095.1 

U1  1  1 A 

5+85 

137.0 

s 

1095.1 

ESI  1  1 

5+85 

120.0 

s 

1097.5 

Note : 

O) 

C 

■  Cone  penetration  test  sounding 

S 

•  Split-spoon  sample  boring 

ow 

■  Observation  we' 

11 

u 

■  Undisturbed  sample  boring 

ES 

-  Exploration  shaft 

Geotechnical  Engineers  Inc 


Project  85669 
September  2 ,  1987 


TABLE  A 2  -  UNDISTURBED  FIXED-PISTON  SAMPLE  DATA 
Lower  San  Fernando  Dam  -  California 


Page  1  of  3 


Boring 

No. 

Sample 

No. 

Elevation^  * ) 
Top  of  Sample 

ft 

Clearance^ ) 
Ratio 

CR 

1 

Penetration 
of  Sampler 

P 

cm 

Gross 

Recovery 

R 

cm 

AV/V^3) 

During 

Sampling 

% 

U102 

UF-1 

1054.6 

0.549 

61.5 

61.2 

0.60 

UF-2 

1052.6 

0.509 

61.0 

60.  6 

0.36 

UF-3 

1050.6 

0.169 

60.3 

59.5 

-1.00 

UF-4 

1048.6 

0.568 

61.1 

60.6 

0.31 

UF-5 

1046.6 

0.494 

60.3 

59.9 

0.32 

U103 

UF-1 

1017.9 

0.568 

44.7 

35.2 

-20.36 

UF-2 

1015.9 

1.219 

36.9 

36.1 

0.23 

UF-3 

1013.9 

0.925 

59.6 

58.4 

-0.11 

UF-4 

1011.9 

0.941 

60.1 

59.5 

0.87 

UF-5 

1009.9 

1.004 

60.8 

60.2 

1,01 

U104 

UF-1 

1046.8 

0.596 

61.3 

60.7 

0.20 

UF-2 

1044.4 

0.930 

60.7 

60.1 

0.36 

UF-3 

1042.5 

0.642 

60.7 

59.6 

-0.55 

UF-4 

1040.5 

0.665 

61.0 

60.0 

-0.33 

UF-5 

1033.5 

0.766 

60.2 

57.4 

-3.18 

UF-6 

1031.5 

0.797 

60.2 

58.7 

-0.93 

UF-7 

1024.5 

0.  660 

55.8 

53.4 

-3.13 

UF-8 

1022.5 

0.582 

59.8 

58.8 

-0.  53 

UF-9 

1020.5 

0.741 

55.8 

55.7 

1.31 

UF-10 

1009.5 

0.527 

59.8 

59.6 

0.71 

UF-1 1 

1007.5 

0.288 

43.4 

41.2 

-4.74 

UF-12 

1005.5 

0.247 

24.6 

23.9 

-2.42 

UF-1 3 

1003.5 

0.743 

57.6 

56.0 

-1.33 

UF-14 

1001.5 

0.623 

60.5 

60. 1 

0.58 

U105 

UF-1 

1064.4 

0.  187 

61.7 

60.8 

-1.09 

UF-2 

1062. 1 

0.270 

60.6 

59.9 

CNI 

v£> 

• 

O 

UF-3 

1051. 1 

0.700 

60.5 

59.7 

0.06 

UF-4 

1049. 1 

0.656 

61.2 

60.5 

0. 16 

UF-5 

1047. 1 

0.522 

60.  6 

59.9 

-0.  12 

UF-6 

1045. 1 

0.288 

61.3 

60.4 

-0.90 

UF-7 

1038. 1 

0.224 

62.4 

62.  1 

-0.03 

UF-8 

1 C36. 1 

0.564 

60.8 

59.9 

-0.37 

UF-9 

1027. 1 

0.594 

59.6 

58.4 

-0.85 

Notes :  See  page  3 
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TABLE  A2  -  UNDISTURBED  FIXED-PISTON  SAMPLE  DATA 
Lower  San  Fernando  Dam  -  California 


Page  2  of  3 


Boring 

No. 

Sample 

No. 

Elevation^  ^ ) 
Top  of  Sample 

ft 

Clearance*'  ^ ) 

Ratio 

CR 

Penetration 
of  Sampler 

P 

cm 

Gross 

Recovery 

R 

cm 

AV/V(3) 

During 

Sampling 

Z 

U105 

UF-10 

1025.1 

1.054 

62. 1 

60.8 

-0.02 

UF-11 

1022. 1 

0.  196 

59.6 

59.0 

-0.62 

UF-12 

1020. 1 

0.439 

61.0 

59.8 

-1.10 

UF-13 

1018.1 

0.564 

60.9 

59.8 

-0.70 

UF-14 

1016. 1 

0.169 

60.4 

59.7 

-0.82 

Ulll 

UF-1 

1071.1 

0.425 

60.8 

53.3 

-11.59 

UF-2 

1069. 1 

0.330 

61.4 

52.0 

-14.75 

UF-3 

1047. 1 

0.320 

63.1 

63.3 

0.96 

UF-4 

1045.1 

0.459 

61.6 

60. 1 

-1.54 

UF-5 

1043. 1 

0.215 

60.6 

59.8 

-0.90 

UF-6 

1041. 1 

0.215 

53.4 

50.3 

-5.40 

UF-7 

1039.1 

0.219 

34.4 

32.5 

-5.11 

UF-8 

1037.1 

0.329 

35.5 

35.2 

-0. 19 

UF-9 

1035.1 

0.229 

60.6 

59.2 

-1.86 

UF-10 

1033.1 

0.293 

53.3 

51.2 

-3.38 

UF-11 

1031.1 

0.311 

50.2 

48.9 

-1.98 

UF-12 

1029.1 

0.215 

56.4 

54.2 

-3.49 

UF-13 

1027.1 

0.499 

42.3 

41.3 

-1.39 

UF-14 

1025. 1 

0.518 

14.0 

13.6 

-1.85 

UF-15 

1024. 1 

0.462 

52.4 

51.8 

-0.  13 

UF-1 6 

1022.  1 

1.286 

60.5 

59.8 

1.40 

UF-1 7 

1020.  1 

0.082 

51.0 

50.0 

-1.80 

UF-18 

1018. 1 

0.408 

60.6 

60.  1 

-0.01 

UF-1 9 

1016. 1 

1.  183 

61.3 

60.3 

0.71 

UF-20 

1014. 1 

0.160 

61.4 

60.6 

-0.99 

UF-2 1 

1012. 1 

0.717 

60.5 

59.2 

-0.74 

UF-22 

1010. 1 

0.504 

61.7 

61.0 

-0.  14 

UF-23 

1008. 1 

0.462 

53.5 

53.0 

-0.02 

U111A 

UF-1 

1047. 1 

0.490 

60.8 

61.1 

1.48 

UF-2 

1045.  1 

0.444 

59.8 

55.9 

-5.69 

UF-3 

1043. 1 

0.431 

59.7 

59.0 

-0.32 

UF-4 

1041.1 

0.541 

60.2 

57.3 

-3.78 

UF-5 

1039. 1 

0.536 

54.5 

53.7 

-0.41 

Notes:  See  page  3 
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TABLE  A2  -  UNDISTURBED  FIXED-PISTON  SAMPLE  DATA 
Lower  San  Fernando  Dam  -  California 


Page  3  of  3 


Boring 

No. 

Sample 

No. 

Elevation^  *  ) 
Top  of  Sample 

ft 

Clearance^ ) 
Ratio 

CR 

X 

Penetration 
of  Sampler 

P 

cm 

Gross 

Recovery 

R 

cm 

AV/V^3) 

During 

Sampling 

X 

U111A 

UF-6 

1037.1 

0.508 

58.9 

57.9 

-0.7C 

UF-7 

1035. 1 

0.568 

59. 1 

57.7 

-1.26 

UF-8 

1033.1 

0.559 

40.0 

38.5 

-2  67 

UF-9 

1031.1 

0.828 

48. 1 

47.2 

-0.24 

UF-10 

1029.1 

0.855 

59.6 

58.5 

-0.  16 

UF-11 

1027. 1 

1. 145 

27.2 

27.2 

2.30 

UF-12 

1025. 1 

1.116 

24.7 

24.1 

-0.24 

UF-13 

1024.1 

0.800 

49.2 

48.6 

0.37 

UF-14 

1022. 1 

0.91 

60.0 

59.2 

0.47 

UF-15 

1020. 1 

0.550 

56.1 

53.3 

-2.86 

UF-16 

1018.1 

1.186 

60.2 

59.7 

1.54 

UF-17 

1016.1 

0.916 

60.1 

58.9 

-0. 19 

UF-18 

1014. 1 

1.005 

60.4 

59.5 

0.50 

UF-19 

1012. 1 

0.824 

60.6 

59.5 

-0. 19 

UF-20 

1010.1 

0.620 

59.3 

58.4 

-0.29 

UF-21 

1008. 1 

0.710 

61.1 

60.6 

0.60 

Notes ; 

(1)  Elevation  Datum  is  NGVD. 


(2)  Clearance  Ratio  (CR)  is  defined  as: 

ID-CE 

CR  =  “ ^  x  1002 

L*  L 

Where:  ID  =  inside  diameter  of  sampling  tube 

CE  =  diameter  of  cutting  edge  of  sampling  tube 

(3)  Change  in  volume  during  sampling  (AV/V)  is  computed  as: 

AV/V  =  ll  +  ~~~\  x  —  -1  x  100  (in  percent) 

\  100/  P 

Where:  CR  =  clearance  ratio  of  sample  tube,  defined  above. 

R  =  gross  recovery 
P  =  penetration  length 

Positive  values  indicate  sample  expansion;  negative  values 
indicate  sample  compression. 
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BOWING  LOCATION  »'«  I»-»Q.  **.»'<  GROUND  ELEVATION <NOVOL_UliAJ. 

INCUNATKiN  BEAWNG  «»  TOTtl  OtPTN  (FT  I  8i.S _ 

CASING  ID  KOI  U.-J  CORE  SIZEJ^ _ GROUNDWATER  FI  OATE  . 


SIOI 


OATt  START/ RMISH  __lLL*,/g;>  A?"/m 

DRILLED  BY  r  utg/cof _ 

LOGGED  BY  '  ■.  N.iiMniirNn.ioinluft  |  J 


SOIL  AND  ROCK  DESCRIPTIONS 


\l  Jl, 


•landard 

rotary 

waeh  borlnt 
Uchn|qu«f 
«lth  a 

be«f o«l  tr 

drill  in* 


StLTi  SAND,  widely  traded  coin*  to  fin*  wand,  N2}X  nonplaetic 
f  Inca ,  ^ 1 5X  travel  up  to  1”,  brown  (SH) 


Cleaned  ©til 
bo  r  *  rx»  I  a 
with  a  4“ 
f  tahtal I 
bit  Willi 
upward 

jetting. 


SZ  K  24  16 

14 
16 


GRAVELLY  SAND,  widely  traded  coarse  to  fin#  a  and  ,  ^2*>l  travel  up  to 
1",  'lil  nonplaaclc  ftnea.  tray  and  brown  (SU) 


S3  10 
14 
24 


SILTY  SAND,  widely  traded  coarse  to  fine  sand.  nonpleatic 

fine*,  ■'•IUX  travel  up  to  1/2",  brown  and  trey  ( bM ) 


•U)««  see  •  leoiA  hmsmca  raujMC  WTooMrtt  aioetoo  NOTC5 

iAlT  VOON  tAHAIR 

at  •  at  n(  rtariow  Uwctw  or  taeaus  oa  cost  lasaf  l 

ate  •  afcovurr  uwotm  or  ueau 

aoo  Lieam  or  «xeio  conn  >4iw/LXW4Tn  conco  % 

1  IAIT  iroos  tUMM  us 

v  uMOitnmws  tueio  in 


uS  SMCtCV  ruse 
ur  riaco  niton 
uo  o«  rename 


‘■rO  OOaton 
ua  asttntA 
w«-#Ci 


b.causc  oeniom ic  di  tiling  mud 
used  in  borehole  would  produce 
inaccurjtc  readings. 


II  il A  I  1  •  =N  i 

l  OWLK  b  A  N 


I  I  HL  bl  I  l 

I lknando 


o*tt  3 10  /8b 
anoutcT  8S669 


BORING  LOCATION  .  St_«_  I6.-0.  GROUND  ELEVATION ( NGV01  -J11L1  ft  DATE  START/F1NISH  1 1^9  3  jQI 

INCLINATION  v<rttc,i  BEARING  TOTAL  DEPTH  (FT)  >i.3 _  ORILLED  BY  r.  sitv.n,  *rs/CPE  \—  ■— 

CASING  ID  sot  u.*d  CORE  SIZE  GROUNDWATER  FL  PATF  - _  LOGGEO  BY  r  -R.  rerMmQATE  0/!9.?o/8^  PG  2  OF  7 


CL  DEPT* 

I  TYPE  (BLOWS  |  PEN 

ontf  PER 

HO  I  6  IN  |  IN 


SOIL  ANO  ROCK  DESCRIPTIONS 


S4  -  SANDY  CLAY,  si.  plastic  fines,  "v20X  fine  sand,  brown  (CL) 
Staple  contained  a  I"  pleca  of  araveL  jammed  in  shoe. 


S5  5  24  14 


S5  -  SANOY  CLAY,  si.  to  mod.  plastic  fines,  s.>$X  fine  sand,  brovr  (CL) 
Occ.  pockets  of  very  dry  *ray  cLayey  sand. 


S6  -  'AND.  narrowly  nr  a 
.  .  Rht  brown  -  >  H . 


to  tine  sano.  X  nol|ii.iir 
untamed  a  i  1 : 


S.C»5*r"S  *-)J  -Viyyf*  U11IN6M  Y1  C''VT  NO^ES 

'>*ZO*  sam^vC* 

*T  H  *f  m  ■r»»no^  tliorw  oe  UKM»  C0>  CO0K  saa*Cl 

■U  -  »f  COVf*f  UtOTM  0'  UHKI 

•00  liwirn  Of  vxpiO  COWCS  >«'«/utNOT>  COSCO.% 

1  seut  SAUPM 

v  jMonwmtfu  uw\a 


.-e-eva •  *:;  •.  :*  *  -r 

,  ...  -  £  F  5  A*.  I  f. N  A  n  do  * M 


-t  •  mut  njst 
•  »'»C0  *STO«i 
.■o-  oiTfsacjs* 


jO  '  OCN'IO* 
uA  •  Ai  TtMtA 
■A'  Ot' 


^  OSJTSCHNH 


Al.  IMJ1NIIM  OK  »'t 

•  »*OJCCt 


BORING  LOCATION  _ii! _ jA.*1,0  68  »  s  ground  El  Fwiowiijr.un)  ,11.)  »  DATE  STAR" 

INCLINATION  Vtrtie.i  BEARING  BA  TOTAL  DEPTH  IFT.I  «1.5 _  DRILLED  BY 

CASING  10  CORF  SIZE  "»  GROUNDWATER  EL  bi11  DATF  LOGGEO  BY 


CL  OCPTX 


OATE  START/nNISH  S  !0  ! 

DRILLED  BY  ’  -rs/cot  - 

LOGGEO  BY  :  I.  DATH/ib-:"'^  PG.  3  OF  7 


TYPE  BLOWS  PEN  REC 
ant  PER 

rr  nq  $  in.  in.  in. 


SOIL  ANO  ROCK  DESCRIPTIONS 


I  ,<k 

56  I  11  “ 

20 


See  prevtou*  page. 


10 

24  15 


SAND,  narrowly  graaed  mea.  co  fine  sand,  ^oacly  ned.,  3X  coars* 
sand,  8X  nonplaeclc  fines,  light  brown  (SP) 


SAND,  narrowly  graded  meo.  to  fine  itno,  ioi(  Iv  :mc.  "'■'OX  non- 
plaaclc  fine#,  lighe  brown  (SP-SM)  Saapic  contained  two  chin  aandy 
silc  lenaea. 


s*oo *  e* 

Pf  N  'P 4*1  ON  Lt NO Th  CW*C  lAROf  L 

ci'  ••";,[»»  ifiti’H  n»  VAuPif 

-oo  li no tm  or  va#o  coats  >«.N/an<;rM  cv-to  >. 

i  1*VjT  ipoOm  V»ut\t 
J  L»NOI|Tua#€D  JAM4LO 

ji -Juris*  TlJ*f  •.-o-orNi5o« 

,•  ■  r>«te  m'o*  ^p-AircM(* 

io-osrcatca«  •.^ac, 


NOTES 

Pdjr  1 

;n  :ke 

(.j)  oatrrwwxscAi.  bnoinum  i>*c 

.  ATt  J  -  "'J  ' 

«mct  b>669  j 

SORING  LOCATION  . 


.  GROUND  ELEVATION  ( F 


INCLINATION  v«rt  1  c. t  REARING  N»  TDTA1  OEPTX  (FT  1  <D-i 


l CORE  SIZE  na  GROUNDWATER  EL._lKll _ DATE _ : _  LOGGED  BY 


DATE  START/FINISH  3112151  /iimZCU  j  S  I  0 1 
DRILLED  BY  r.  sct«.rt,  '.cs/coi  ——— 

LOGGED  by  i.».  Pu.i..  DATE  Vll-zo/ei  PG  4  OF  7 


EL  OEPTN 


TYPE 

and 

rr 


SOU  AND  ROCK  DESCRIPTIONS 


SAND,  narrowly  graded  fine  Hand ,  "'•'UX  nonplaatic  fines. 
xJ5X  oed.  sand,  brown  (SP-SM)  Sample  contained  chree  chin 
lenses  of  sandy  alic. 


Approximate  Interface  -  Rolled  Fill 

™  ’Hydraulic  Fill 


SAND,  narrowly  graded  meu.  to  fine  sano,  %'0X  nonplastlc 
fine*,  brown  (SP-SH)  Sample  contained  three  I-  to 
2"-thlck  layera  of  acracifled  sandy  clay  to  sandv  ailt. 


s  e  x  t  i  " 
‘«ext  <* " : 


SA.'.D,  w  oely  graded  coarse  to  fine  sand,  OX  fine  gravel* 
OX  noni  iasdc  flnsa.  brown  iSW) 

Sandy  SILT,  non  to  si.  plastic  fine*.  %OX  fine  sand, 
stcaclfled,  darn  olive  brown  (ML) 

SILTY  CL\Y.  moo.  pla.tlc  fin..,  <51  Elnt  .ana,  .tntlfl.d, 
dark  oil'*  brown  (CL) 

SAND,  nairowiy  graded  aed.  to  fine  sand,  "'-'OX  coarae  aend, 
bX  nonplastlc  flnea,  light  brown  (SP) 


SILTY  SAND,  narrowly  graded  fine  sand.  xOX  ncnpLasctc 
fines,  stratified  (SH)  Top  of  seccion  was  orown  and^ 
bottom  gray.  The  above  sections  were  separated  by  e 

-thick  laver  of  acracifled  sandy  slit. 

SAND,  narrowlv  graded  aed .  to  fine  sand,  OX  nonplastlc 
flnea,  .  ight  brown  (SP) 

SANDY  SILT,  si.  plastic,  scratlfled  (ML) 

SAND,  narrowly  graded  fine  sand,  ''■'OX  nonplastlc  fines. 

VOX  med.  sand,  olive  arav  (SP-SM) 

SILIY  CLAY  ."n  >anuY  ilLT.  scratlfled  iCL-ML) 

SAND,  wiae.v  raden  coarae  to  tin#  aano ,  OX  fionplaatic 
f  ln*a  ,  o  1  ive  gray  «  SW) 

concinucO  an  next  page 


lwO«S  *t»  »  nAMWf  *  *.1  jo  To  o<»ivT  *  *  0"*  00  NOTES 

•,r.  *  5*00^  SAW^C 

■ti  ■  **e  ni*no«,  t£»cT>*  V  WNRi«  oe  coat  •**«€(. 

•1C  ■  ■tcovfer  linsrN  0#  UMM 


wii^fx  of  yyjmo  oo#c 

>  ■  snjT  S0OO*»  SAwn.( 
u  DNOunjAiu  umaq 

dS  *  s-ttiT  n«ar 

,»  •  mis  r* ft o*» 
j  o  •  osrtaacea 


>«ia/aw«T»*  co«co.% 


^•OCt'SOm 

we-tfi 


P E-EVA LU AT  ION  OF  THE  SLIDE  IN  THE 
LOWER  SAN  FERNANDO  DAN 


aeorecMwicAi  *j*o<r»«a*a  otc 


ON  Ttrm.i  BEARING  w* 


.TOTAL  DEPT*  (FT). 


CASING  IQ  "ot  »irt  CORF  SIZE J!± _ GROUNDWATER  EL. 


DATE  START/ FI  NISH  1/11/ A5  /l/ZQ/K  -  SIOI 


r.  st«»Tt,  wcs/coe 


SOIL  AND  ROCK  DESCRIPTIONS 


po  5  or  7 


Sl3-Boc  3"  SILTY  SAND,  narrowly  graded  fine  sand,  ^  2 OX  nonpiascic 
flnae.  scracifled,  olive  gray  (SM) 


SAND,  narrowly  graded  fine  sand,  n. 1 01  nonpiascic  fines, 

^  I  OX  med .  sand,  olive  drown  (SP-SM)  Sample  concalned  a  'A*" 
Chick  layer  of  scracifled  alley  clay. 


SI5-Top  10":  SANDY  SILT,  si.  piasclc  fines,  ^ 35X  fine  sand,  dark  olive 
gray  (MI.) 

doc  6"-  SAND,  widely  graded  coarse  co  fine  sand,  X'0X  nonpiascic 
fines,  >■101  gravel  up  Co  Ifl"  ,  brown  (SW-SM) 


S16-Top  2":  SAND,  widely  graded  coarse  co  fine  sand,  aoacly  aed.,  %5X 
nonpiascic  flnee,  brown  (SW) 

Nexc  <»" :  SILTY  CLAY  co  SILTY  SAND.  Top  of  seccion  consisted  oc 

scracifled  alley  clay  wich  fines  content  decreasing  wich 
depth  co  a  atlty  fine  sand  containing ^ 2SX  nonplaaclc 
flnea,  dark  olive  gray  (CL-SM) 

Sot  8":  SAND,  narrowly  giadad  aed.  co  fine  sand,  aoacly  tieo.,  OX 
nonplaaclc  flnea,  "-lOX  coins  sand,  Ughc  gray  (SP) 


S17  7  24  20 

10 
14 


SILTY  SAND,  narrowly  graded  fine  sand,  M  5X  nonplaaclc 
fines,  OX  aed.  sand,  olive  gray  iSM) 

SANDY  CLAY,  el.  CO  nod.  plastic  fines,  '-'5X  fine  aand, 
icraclfleo,  dark  olive  gray  ; CL) 

SILTY  SAND,  narrowly  graded  fine  sand,  w8l  non  co  si. 
plaacic  flies,  dar  ollva  (SM) 


S18-Top  u"  :  SILTY  SAND,  narrowly  graded  fine  sand.  %,5X  nonplaaclc 
fines,  dark  olive 

Next  V :  SILTY  CLAY,  mod.  plastic  fines,  ^  1  OX  fine  send,  stra¬ 
tified,  dark  olive  (CL) 

-  '.6,  1.7,  1 ,V  tsf 

NexC  y  SANDY  SILT,  si.  plastic  tines,  '-**0X  fine  sand,  darx  olive 
grav  (Ml.) 

Bot  5”:  SILTY  SAND,  narrowly  graded  fine  sand.  ^ )SX  non  to  si. 
plastic  flnea,  '-»0X  med.  sand,  darn  gray  t  SM) 


SILTY  SAN0,  narrowly  graaea  fine  sand.  '“2CX  nonpiaacic 
fines,  oilve  gray  iSM*  sample  contained  lavers  ot  stra¬ 
tified  alley  clay  up  t'  '-7"  thicx. 

SAND,  narrowly  graded  med.  to  fine  sano .  mostly  med.,  <.  SX 
nonpiascic  fines,  iigne  brown  »SP) 

SILTY  CLAY,  moo.  plastic  tine*.  '»  i  J  X  fine  sana  ,  sc  ra¬ 
tified.  darx  olive  nrown  tCL) 


BORING  LOCATION  . 


i  GROUND  ELEVATION  l  NGVO). 


DATE  START/ FI  NISH  *'l /*•.*<!  m  SIOI 


INCLINATION  vnrir.i  SEARING  na  TOTAL  DEPTH  (FT)  ^ 

CASING  ID  Not  u«*»  CORE  SIZE  na  GROUNDWATER  EL  n&IL  DATE  _ 


St  e**ar i  -ES/COE 


DATE  9;:?;g*  PG  6  OF  7 


DEPTH 


TYPE 

an* 

rr  nq 


SOIL  AND  ROCK  DESCRIPTIONS 


SILTY  CLAY.  mod.  piaattc  fine*,  "'•l  OX  fine  sand,  stra¬ 
tified,  very  dim  olive  brown  (CL)  Ucc.  irregular 
pocket!  and  Lenaea  of  alley  fine  sand, 

0-  -  1.3,  ’.3.  '.3  taf,  bottom  to  cop 


S2l-Top  16“ :  SANDY  SILT,  si.  plastic  fine*,  ■'•OX  fine  sand,  ol.ve  dr 
SM-ML) 

Hot  6":  SANDY  CLAY,  si.  to  mod.  plastic  fines,  ^ 20X  fine  sand, 
stratified,  dark  olive  brown  (CL)  Occ.  irregular 
pocketa  ana  Lena**  of  silty  fine  aand. 


SANDY  SILT,  si.  plastic  tinea.  "'•JOt  fine  sand,  stratified, 
dark  olive  (ML)  Occ.  irrefcuLar  pocxecs  and  lenaea  ot 
silty  fine  sand. 


S23  12  24  16 

18 


S23-Top  7”:  SANDY  CLAY.  mod.  plastic  fines,  OX  fine  sand,  scracitled, 
very  dark  brown  (CL) 

Sv  -  0.}.  0.69  tsf 
Qp  -  i.O,  1.0  taf 


SILTY  CUY,  moo.  plastic  fines,  OX  fine  aand.  stratified, 
dark  olive  (CL) 

Qp  -  2  1 ,  2.2,  2.2  taf 


Stellar  to  S24  fCL) 

Qd  -  ».8,  2.2,  2.2  csf,  botcom  co  cop 


S26-Top  6-1  :  SILTY  SAND,  narrowly  graded  flna  aand.  'V26X  nonpiascic 
fines,  oiive  brown  iSM) 

Neat  12".  SILTY  CLAY.  moo.  plastic  tines,  Ot  fine  isna,  stratified, 
dark  dive  orown  <CLj 

<  p  "  5  •  9  •  2  •  J  '  2  *  ;  :  ■  t 


fijDws  *#•  *  "*5J  -aaie*  **-  .*•<;»  *o  o»vf  uoaoc  NOTES 

l*vt  seocw  u»M»  n 

•ywenuno**  knot*  o*  u**vxa  OR  ccm  a*A"tL  •>««  “age 

*cc  •  eccoveat  knot*  o*  u«ni 

•OO  UNSIk  0*  COM3  >4iM/UMrTN  CO«tO  .% 

1  •  SeijT  «*OON  UMM 
v  (*OSnj*KD  vu»eto 

yi  -  SHCLty  niat  wd-ownon 

v*  •  *»«C0  **|TO»  .,#-*rcnCJi 

i/O-OITMW 


^-evaluation  or  the  slice  :n  the 

LOWER  SAN  FERNANDO  LAN 


OWTfOWMCAl.  IMMIIUM 


pari  0  <  '  0  /  86 

uKurtT  86b69 


BORING  LOCATION  . 


„  GROUND  ELEVATION  {NG  VOL 
.TOTAL  DEPTH  (FT ) _ 2* * 


INCUKATTON  Vernal  BEAMING  ka  TOTAL  DEPTH  (FT)  _ 
CASING  10  Not  q»«a  CORE  SIZE  **  GROUNDWATER  EL. 


CATE  START/ FINISH  . 
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S«*  -  'jRAVELLY  SAND,  wuilv  graded  coin*  to  iim  sand,  *»  201  gravel  up  to 
3/4~,  '-'OX  nonpiaicic  tines.  gr*-'  *na  brown  >SW-bM>  sjctora  o t 
««»pl«  contimea  l"  of  freanly  bromn  gravel. 


S5  2  7  iu 
33 
42 


S5  -  GRAVELLY  SAND,  widely  graded  co<n«  to  tine  sand.  ^  'OX  xravai.  up  to 
1  3/8",  %10X  nonplaacic  fine*.  Drown  and  *rav  (SW-SN) 


>b  •  -  AVEl.LY  SAND,  w :  \ «■ 
V"  .  *•  ’  NX  nonplasti 


v  i-  •  .i-ied  :-ar  ae  c  ■ 


•  1  .  .  t  graven  jp  .  u 


StOwi  •  *  ■  '40-J  -vtMMf  «  r»,!  «  jo  TO  0*rvT  ajcm.00  NOTES 
5*  .  r  s»oo«r  *am*  M 

»fv  •t'.’x  Of  u«*u*  on  com  «M*ri 

»f  •»  :-»! *r  ,)■.,!«  o»  umpu 

*  50  vl  «  rw  Of  vx**0  CO*d  >  4  > N  p  MOT  M  C  C*( 0 .  % 

*  ja.i'  jaooM  M«M 

■j  o*»oit'j«wd  lawetcs 

5  Wl  S'  T'.Sf  ..  L  PiN-lOw 

.*  »  frr)  ••  von  ,o  »■  r-t* 

-o  o*.  rr**.m  j«  i(> 


,  t  N  San  •  r  N  a  N  L 


"  ’  a»oo"»ow*ri# 


•‘•‘Kuei 


BORING  LOCATION  _JLt*  jfg; n  GROUNO  ELEVATION (NGVDi__^Ll 

INCLINATION  vertical  BEARING  *4  TOTAL  DEPTH  (rp  ^*>,0 _ 

CASING  10  -So_L  u»«d  CORE  SIZE  WA  GROUhDWATFft  EL  s»:;  DATE 


CL  DEPTH 

|  ty* c  (blows 
«"«  pc* 

FT  FT  I  Ha  It  IN 


DATE  START/ R NISH  V  !  *  /  B  V''  J '  1  ’  _  SI  02 

DRILLED  BY  r.  si«««rc.  -ei/cc t  — — 

LOGGED  BY _ DATE  »  ■■■•.•  -  PG  3  OF  8 


3  0*v*  A  ?  ;«toc  j  NOTES 


..f  *«S*N  0#  VU»*\J  »  OP  cc«  l4j**«  _ 
•*:  a»JT»  vutAj 

•OC  kl*»OrW  '#  %X»»0  CO*C*  cc*to,% 

5  J»OOA  UmM 

-i  jNoiiru**to  u»i»va 

"j«r  , '  •  “!(M  $on 

•  '  »  «t0  w 


*  e  -  e  v  a  l.  •  '  •  •  t  .  .  „ :  .  •*  >  i 

.  'WER  S*1’  r  t-SADL 


a«rrr»rK»<*(  .<LL  imwiim  txc 


eOflING  LOCATION _ st.  it.to.  sin'll  GROUND  ELEVATION ( NGVD1 _ LU 

INOJNATTON  »»mil  BEARING  ha  TOTAI  OERTN  (FT) _ up 

CASING  10 _ »oi  gnj  CORE  SIZE  "*  GROUNDWATER  EL. DATE  . 


DATE  STAHT/F1NISM_ T'llll'  /  S  102 

DRILLED  BY _ r.  ;n««n,  -ts/cot  — — — 

loggeo  by.  j.».  i * r ■  i . i  dat fy'i*-; '  ll  pg  4  or  8 


SOIL  AND  ROCK  DESCRIPTIONS 


Approximate  Interface  -  Rolled  Pill 


H  yd  r «u i ic  Fill 

S9-Top  b"  :  SILTY  SAND,  narrowly  traded  fine  •ano,  ^201  nonpiaeClc 
olive  brown  (SM)  Gradual  traneition  co  next 

laver. 

Next  8":  SANDY  SILT,  al.  plaaclc  flnea,  xi.bX  fine  land,  olive 
brown  (ML) 

8oC  b":  SILTY  CLAY,  nod.  plaacic  flnea,  ■'•IQX  fine  aand,  acre* 
cifled,  dark  olive  (CL) 

Sv  -  0.b6  t  ■  £ 

Q0  *  ’-2  ta  £ 


SI  0-Top 

Next  l" 
Boc  U“ 


SU-Top 

Next 


y  1  *  -  Top 

Next  l < 


SILTY  CLAY,  mod.  plaetic  flnea.  ^)0X  fine  aand,  acra~ 
tlfled,  olive  brown  (CL) 

SAND,  widely  traded  coarae  to  fine  etna.  <.bl  nonpiaacic 
flnea,  brown  (SW) 

SANDY  CLAY.  al.  plaacic  finea.  'u**bl  fine  Sana,  mottled 
black,  brown  and  olive  (CL)  Pomona  or  sampie  were  orv 
and  randomly  alxed  by  color  and  clay  contenc. 


SANDY  CLAY,  al.  plaacic  finea.  %  3bX  fine  *ana.  mottled 
black,  olive  and  brown  (CL)  Porciona  of  sample  were  dry 
and  randomly  mixed  ^y  color  and  clav  concent. 

SILTY  CLAY,  mod.  plaacic  flnea,  ■'•10X  very  tine  aand, 
acratlf led .  olive  brown  (CL) 

Sv  •  0.u6  caf 


Q p  •  0.8  caf 
Similar  co  cop  6"  (CL) 


SANDY  CLAY,  al.  plaacic  flnea,  % 20X  fine  aano.  moccled 
black  brown  and  olive  (CL)  Sample  wn  ranooeiy  mixed  bv 
color  and  clay  contenc.  Sample  contained  poexete  of  dry 
c  lay. 


SANDY  CLAY.  al.  plaatlc  fine.,  •v-^OX  fine  aand.  motclea 
black,  brown  and  olive  (CL)  Sample  waa  ranaomiv  mixed  by 
color  and  clay  concent.  Sample  contained  poexeca  ot  dry 
clav. 


b  l  CTY  SAND,  narrowly  traded  tine  sand.  -«'X  nonpiaacic  -| 
tinea,  .  i  »iht  olive  brnwn  i  bMi  )-:c.  .a  .era  ot  aiicv  ciav  J 
ip  to  W8"  thicx. 

slLTY  ClAY,  mod.  plaacic  finea,  birx  fine  san.i.  rri-  i 
cifled.  oiive  brown  iLLi  Dec.  irrexu*ar  ieneea  ot  ailtv  "j 
f l ne  land .  H 
SILTY  SAND,  -.arrow.v  traded  tine  mno.  '■  '•l  non piaatic  -j 
tinea.  «:arx  olive  brown  J 


nawwm  '»i  lino  JO  no  oa.vt  a  i  ox  oo  NOT£S 
sev.  »  SBOON  liuRv  r  • 

**!,■**•,  .fn;rv,o»  UMnji'lR  COW 
•i ;  •iccvrrr  ijng'r  o *  umru 
•oo  LiwftTw  oe  *x*«o  cc*o  >«.•</ ,j.no?m  co"to  % 

1  »*jT  jenow 

j  ^acBan^aro  u»n.o 


5  J»f l»T  »li8C 
*  «tO  eroa 

-Q  ■  oaTtamcxe 


O'  OtN'ION 
-p-  *' 

ve-eit 


BORING  LOCATION  iill£ ■  j±JI  GROUND  ELEVATION  1 NGVDL 

INCLINATION  verti c.i  SEARING  m  TOTAL  DEPTH  (FT) _ 

CASING  ID  _  Not  u»ta  CORE  SIZE  M  GROUNDWATER  EL 


EL  DEPTH 

[type 

I  ond 
FT  NO 


-  •  DATE  START/RNlSH_L_li2— /- 

_  DRILLED  BY  •. 

: _  LOGGED  BY  l  Ft  r '  v  1  •PATT’I 
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Sib  5  24  24 

o 
9 


S 1 8  ‘  2U  20 

10 

u 


SI  5-Top 

y  : 

SANDY  CLAY.  mod.  plaaclc  fine*  '201  fine  find.  stra¬ 
tified.  olive  brown  («-L)  Ucc.  ienaee  of  »iicy  fine 
sand . 

Next 

b"  : 

SILTY  SAND,  narrowly  graced  fine  »ann,  *v 301  nonpiaecic 
fines,  stratified.  darx  oliv*  brown  (bM) 

Next 

II”; 

SILTY  CLAY.  mod.  plastic  fines,  ‘<■10*  fine  sand,  stra- 
clfied,  olive  brown  (CL)  Section  contained  a  l  -chicK 
layer  of  siltv  fine  sand  at  middle. 

BoC 

2"  : 

SILTY  SAND,  narrowly  graded  fine  sand,  *'-30t  nonpiaecic 
fines,  dark  olive  brown  (SM) 

S  1 6 -Top 

6“  : 

SANDY  CLAY.  moo.  piascic  fine*.  % '  ‘‘X  very  :.rt-  sand, 
stratified.  olive  brown  'CD  Section  contained  one 
’ocuet  ot  siltv  .me  sane. 

Next 

V  : 

SILTY  SAND,  narrowly  graded  fine  s.ind,  vJDt  nonpiaecic 
fines,  itracitied,  oilve  brown  <SM) 

Bot 

3”: 

SANDY  CLAY,  nonplasclc  fines,  '■201  very  fine  sand,  stra¬ 
tified,  olive  orown  (CL) 

SI  7 -Top 

I  O’*  : 

SANDY  CLAY.  s..  :o  moo.  plastic  fines  .  *«2«»t  .«..v  fine 

sand,  stratified,  o*  1  ve  nr own  <  CL  j  ucc.  lavers  ot  sllcy 
fine  eana  up  to  •?”  true*. 

Next 

M  "  ; 

SILTY  SAND,  narrowly  graded  fine  sand,  ^2iit  nonpLaeclc 
fines,  blacKlsh  gray  >  SM) 

Boc 

3”  : 

SILTY  CLAY.  moo.  piasclc  fines,  *'■ '  01  very  fine  sand, 
stratified,  blackisn  gray  (CL) 

S 1 8  Top 

’  ”  ; 

SILTY  SAND,  narrowly  graded  fine  sand.  n20X  nonpiaecic 
fines,  nark  Olive  crown  vaM'i 

Next 

10”  ; 

SILTY  CLAY,  moo.  piasclc  fines.  ^  5  Ot  very  fine  sand, 
scratlfleo,  dar*  ouve  brown  (CL) 

Boc 

3”: 

SAND,  narrowly  graced  fine  eana.  •>■  ■  0t  nonpiaecic  fines, 
olive  brown  (SP-SM) 

Sl9-Top 

V  : 

SAND'  SILT.  1 1 .  plastic  fines,  ^-ut  fine  sand,  dark 
->1  iv*’  grav  «  ML) 

Next 

*•“  ' 

SILTY  CLAY,  moo.  plastic  fines.  **'0t  tine  sand,  sera- 
rifled,  darx  olive  orown  <CD 

Boc 

1  3”  ; 

SAND,  narrowly  graded  med.  to  tine  sand,  ^ '  t  nonplastic 
f Ines  brown  i S ? ) 

S20-Top 

Si-  liar  co  bottom  3”  ”>f  $!9  SP 

N  *  x  C 

1  B "  ; 

;:aatif:*:d  silty  :;>y  *clj 

Sot 

'  2"  : 

SILTY  SAND,  narrowiv  graded  fine  san.1 ,  *>•  lit  nonpiiic  ic 
fines,  lut  »eo,  sand,  o.ive  grav  iS^> 

$21 

:  LT  Y  SAND,  r,  a  r  *  ow  .  v  graced  i  .  ~  e  *=  a  n  d  .  '-'It  or.p  .  a  s  1  l  c 
fine*,  darn  0  .  »  -  •»  grav  ' 1  •»  m  0  .  e  -  n  c  a  :  :n  ree 

.  -'Iick  1  a  v  e  r  at  ra:  .  :  .e:  '.-<»•  -era  were 

:cated  at  C-e  top.  T.^c.e,  ai  d  ooc:  m  0: 

0  amp  l  e  . 

5*  »T  4  i  Cl*  oof  *0  >  E  S 


**  a*  %***•.< 

JN-/-  7  CO*n  >«  ti/vlKTh  C'.«|0 

\  •  S'X'H  V*Mt\f 

J  ..NOJT-jMtO  SAw^-CS 

.  5  •  Jr  Sf  -fN  S3* 

,i  ».»ro  *’ST0«  »  +■  t-ta 

01  :!»•€**  A  tti 


BORING  LOCATION  GROUND  ELEVATION  {  NGVOl _ ■ : :  t ; b  Hatt  START/FtNlfrH  j  K ^  /ilL  *s  S  102 

INCLINATION )Lu.LLLki  BEARING  __sa  TOTAL  DEPTH  l FT ) _ ‘*>.0 _  0RIUL£O  BY _ r  Sicmn.  — — 

RASING  IQ  kbi  ail  .CORE  SIZE_^ _ GROUNDWATER  EL.  N>ii  DATE  • _  LOGGED  BY  j  »  r-run,  DATE  PG  6  OF  8 


r  St  r*«r  t  <.rs/'?cc 


EL  OEPTM 


tti»c  Blows 

an*  PER 

ft  rr  no 


SOIL  AND  ROCK  DESCRIPTIONS 


IuJWI  -I41J  H  v  w  ’0  0*'Vf  *  , 

S P"_ I T  5*00*  5*mp,  (  » 

*f  *  ■  mt  no*  lEHGT*  o*  00  CO*t 

*tt  /sj'x  or  yn*u 

*00  v.£*^r"  4  V>rfO  CTJWtl  >«■«  /  UM.!n  CO«(D  4 

\  S*jt  5*00*  14MP1E 
J  L(*«Oi*ru*i#o  5*w*VO 

'5  S-flST  ?5i Wf  -C  0CN>5ON 

,<  •  tfo  *’5^0*1  .0 

>0  05ft*»tWJ  j*  oil 


See  previoui  ptRt. 


S22-Top  1«*“:  SILTY  SAND,  narrovlv  graded  fine  sand,  •vSQX  nonplsecic 
tinea,  dark  olive  Rray  (SM-ML) 

Boc  7"  SANDY  CLAY,  si.  plastic  fines,  %40X  fine  sana.  stratified, 
dark  olive  Rray  (CL) 


523-Top  8" 


Sandy  SILT,  si.  plastic  fines,  ^OX  fine  sana ,  stratified. 
Oar*  olive  Rray  (ML) 

SILTY  CLAY,  moo.  plastic  fines.  “vivJX  fine  sana.  stra¬ 
tified.  dark  olive  aray  (CL)  Dec.  irreRuiar  pocnecs  ana 
lenses  ot  siltv  fine  sand. 

Sv  -  )i.O  tit 

Qo  -  1.7.  1.8.  2.0  tsf 


S24-Top  u"  ■  SANDY  CLAY,  si.  plastic  fines.  ^**0X  fine  sana.  dark  olive 
aray  (CL) 

3ot  20"  SILTY  SAND,  narrowly  Rraded  fine  sand,  %20X  nonplastlc 
fines,  dark  olive  Rray  (SM) 


S2  5-Top  u- ■ 
3ot  20" • 


Similar  to  top  u"  of  S2<*  (CL) 

SILTY  CLAY.  rood,  plastic  fines,  "'•'OX  fine  sana,  sers- 
tified,  verv  oar*  olive  iCL)  Dec.  irreRuisr  pocseta  sno 
lenses  of  siltv  fine  sand. 

$v  •  >1.0  tsf 

Qp  -  1.5.  1.7,  1.5  caf 


SILTY  CLAY.  mod.  plaacic  fines,  %10X  verv  fine  sand,  stra¬ 
tified,  very  dark  olive  vCL) 

Sv  -  0. 76,  0.86,  O.yO  tst 
Q0  -  l .2.  1 .2.  1 .  3  tsf 


SANDY  CLAY.  a*.  to  rood.  plascic 
stratified,  darn  olive  nr  own  t.C 
..  “  .*->«,  0  .  no  .  0  .  7  j  tjt 

j  n  “  0.9,  ■  . : .  '  .  i  tat 


SORING  LOCATION  sn  16.^0,  Sip',  GROUND  ELEVATION (NGVOl 

INCLINATION  Vertml  BEARING  TOTAL  OEPTM  (FT) _ 

CASING  IO_i2i_u<i2.CORE  SIZE__£2_GROUNOWAT£R  EL. 


.!1K. 6  nATF  START/FINISH  SI02 

0 _  ORILLED  BT  r.  zwtri  cot _  *— 
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SILTY  CLAY,  mod.  plascic  fines,  ^  U)l  fine  sand,  stra¬ 
tified,  dark  olive  brown  (CL) 

Sv  -  0.8),  0.85,  0.93  tsf,  cop  to  Dotcom 
Qp  “  1.5.  1.3,  1.3  cat,  cop  to  bottom 


T"  24  24 
5 


SILTY  CLAY,  mod.  plascic  fine*,  "vlOl  very  fine  sana,  sera* 
Ctfled.  carte  olive  brown  vCL) 

Sv  -  0.85.  0.93,  0.93  tsf 

Qp  -  ) .4,  I .4,  ) .4  tsf 


SILTY  CLAY,  mod.  plastLc  fines,  xiOt  fine 
dark  olive  brown  (CL) 

Sv  •  0.92,  0.98,  1.0  tsf,  top  to  bottom 
Qp  •  '*3,  1.4,  1.5  tsf,  cop  co  bottom 


i0t  fine  sane,  stratified 


IUOR 

S3 1  8  24  24 

10 


SAN0Y  CLAY,  mod.  plastic  fines,  ^151  very  fine  sand,  itra* 
tlfled,  dark  olive  brown  (CL) 


S  3  21  24  24 


SANDY  CLA’  .  Si.  plastic  fines,  WOX  verv  fine  sand,  scre- 
tlfied,  darn  olive  orown  (CL)  Sample  containeo  several 
lenses  of  nicy  fine  sand.  Sample  contained  two  2” -thick 
layers  of  llcy  fine  sand. 


S  33-Top  1  7" :  SILTY  SAND,  narrowLv  graded  fine  vind.'MSt  non  co  si. 

plastic  .  ines  ,  dark  olive  orown  o«)  ■>ecCion  contained 
several  stracified  siltv  ciav  layers  up  co  <  !,i."  chic*. 
Boc  7”;  SILTY  CLAY,  boo.  plastic  tinea,  %10X  fLne  sand,  scra- 
tlflsd,  dark  olive  brown  (CL) 


Similar  to  bottom  7"  of  S  3  3  .CL) 
Approximate  interface  -  ■  ■irij 


(  *0'_S  namum  »».  l  n".  >0  TO  k  »  O.i 

,^L'  T  S*  N  SAMFU* 

•  *f  *r  T»*no«*  linotw  or  UMAi*  o*  coat  L 

*K  •CCOvter  U»«STm  or  UNM 

•oo  UNIT*  or  vx«*o  co*r*  >*in /aworw  co*co.% 

i  ?ev.iT  s»oon  uwn.( 
v  v*o«sn>»eto  un»vu 


•  jhclst  rust 

•  rm o 

uo  •  o*  ritmm 


uO-0€ii10N 

ue  <d 


^  0*Oi«0»*ri» 


NOTES 

.  See  PaR<  1. 

?e-evauat:cn  or  ’’ -t  s:  :zz  :n 
.LWER  San  K  l  K NANDO  CAM 

HE 

^  oeormowiCAi.  >woo«aaoa  wc  oati 

3/ 10/86 
85669 

BOWING  LOCATION,  L  132.0' 5  GROUND  Ft  FVATIflN  ( NOVDl  1«)  J.  DATE  SThttT/F\U\*H  9/17/85  / S  I  03 

INCLINATION _Vcrt i c « l  BEARING  na  TOTAL  DEPTH  (FT) _ 4M) _  DRILLED  BY  *_  5c»*>tc,  uts/CQt 

CASING  10  j*2i  u,,<*  CORESIZE  GROUNDWATER  EL.  N»n  HATF  - _ L.OGGEO  BY  J.  * .  Perkin*  DATE  K  l8'ei  PG.  3  OF  8 
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S6  6  24  20 

12 

14 


7 

11 

S8  11 

n 


S6-BOC 

8": 

Siallar  to  top  6**  (SP) 

S  7 

SAND,  narrowly  greded  aed.  to  fine  aand,  moatly  aed., 
n- 2 U X  coarat  aand  and  fine  gravel,  <51  nonplaaclc  finea. 

brown  (SP) 

S8-Top 

y-. 

SAND,  narrowly  gradad  fine  aand,  *OX  nonpLaattc  finea, 
brown  (SP) 

Next 

7 "  : 

SAND,  narrowly  graded  aed.  to  fine,  moacly  aed.,  ^ 1 01 
coarae  aand,  <51  nonplaaclc  finea,  brown  (SP) 

Next 

2"  : 

SANDY  SILT,  al.  plastic  fLnaa,  •'.uOX  fine  aand,  olive  gray 

(ML) 

Sot 

5”: 

Siallar  co  top  5M  (SP) 

S9 -Top 

7"  : 

SAND,  narrowly  graded  aed.  co  fine  aand,  moacly  aad.  MOt 
coarae  sand,  <5X  nonplaaclc  finea,  brown  (SP) 

Nexc 

4"  r 

SAND,  n«rrowly  graded  fine  aand.  MOX  aed.  aand,  <51 
nonpLaattc  finea.  brown  (SP) 

8ot 

7”  : 

Stallar  to  top  7"  (SP) 

S l 0-Tup 

3"  : 

SILTY  CLAY,  al.  to  aod.  pLaaClc  finea,  ^lOX  flna  aand. 
scraclfled,  olive  (CL) 

Next 

9ot 

10”  : 

SAND,  widely  grade*  coarae  to  fine  aand,  '-lOX  fine  gravel, 
<5X  nonpLeatlc  flnee,  brown  (SW) 

SANO,  narrowly  graded  aed.  co  tine  aand,  <51  nonplaaclc 

fines,  can  (SP) 


St  1 -Top  8":  Utah 

Naxc  3"  SAND,  widely  graded  coeraa  co  fine  eand ,  aoacLy  aed.,  OX 
nonplaaclc  tinea,  brown  (SU) 

Next  2".  biLTY  SAND,  narrowly  graded  fine  sand,  OQX  nonplaaclc 
tinea,  scracitted,  olive  brown  i SMI 
^oC  '  SANO,  narrowly  graded  aed.  co  tine  sand,  moacly  aed.,  <5X 

nonplaaclc  tinea,  can  (SP) 


S12-Top  3M  SAND,  nerrowly  graded  aed .  co  fine  aand,  ^'OX  coarae 
sand,  <5X  nonplaaclc  finea,  Light  brown  OP) 

Sot  10":  ~;AND,  n*rrowlv  graded  fine  tana,  '■."OX  nonp  i<ic  tc  fine 
o  L i ve  *rav  ( SM) 
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BORING  LOCATION  In  m  GROUND  ELEVATION  (NGVO 

INCLINATION  vertical  BEARING  **  TOTAL  DEPTH  I  FT) _ « 

CASING  IQ  Jot  uiiSL  CORE  SIZE  v*  GROUNJWm.  .lm  CL  v« * ' 


■UUU  GROUND  ELEVATION  (NGVD) _ IQiLi  DATE  START/FINISH  UW*'  /I'Al'V.  I  S  I  0  3 
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SI  8  ’3  24  22 

1  3 


SAND,  widely  grided  coaree  co  fine  sand,  1  OX  gravel  up  co 
n3X  nonpLascic  tinea,  olive  brown  (SU) 

SILTY  SAND,  narrowly  graded  tine  sand,  ^2*>X  nonplastic 
tinea,  dark  olive  brown  (SM)  Lower  of  seccion  con¬ 
tained  a  layer  of  stratified  alltv  clay. 

Similar  co  cop  2"  (SU) 

Similar  co  SILTY  SAND  above  (SM) 

Similar  co  top  2"  (SW) 


Four  3M-chlck  lavere  of  SILTY  SAND  gradually  changing  co 
SILTY  CLAY.  Thess  four  3"-chlck  layers  above  are 
separated  by  three  2"-Chlck  layers  of  SAND,  Descriptions 
ot  each  layer  are  as  follows: 

SILTY  SAND,  narrowly  graded  fine  sand.  'V-2}X  nonplaactc 
fines,  dark  olive  Drown  (SM) 

SILTY  CLAY,  si.  to  mod.  plastic  fines,  '■1UX  fine  sand, 
stratified,  dark  olive  brown  (CL) 

SAND,  viJely  graded  coarse  to  fine  sand,  *'■  ’  OX  fine  gravel, 
<3X  -lonplasclc  fines,  oLlve  brown  (SW) 


SAND,  widely  graded  coarse  to  fine  sand,  ‘v'Ol  fine  gravel, 
<5X  nonplsstlc  fines,  brown  (SU) 

SILTY  SAND,  narrowly  graded  fins  sand.  %25X  nonplaactc 
fines,  dark  olive  gray 

SANDY  SILT,  si.  plastic  flnea,  ^-40X  fine  sand,  stratified, 
d»:<  olive  black  i  ML) 

Similar  to  top  iM  (SU) 

Stratified  SILTY  SAND  and  SANDY  SILT. 

SAND,  narrowly  graded  aed.  to  fine  sand,  oostly  aed.,  <51 
nonplaatlc  fines,  light  brown  (SP) 


LAYERED:  SILTY  SAND  and  SANDY  SILT:  SILTY  SAND,  narrowly 

graded  fine  sand,  ^2SX  nonplastic  fines,  olive  brown, 
layers  up  to  2"  thick  (SM) 

SANDY  SILT,  al.  plastic  flnea.  n-40X  fine  sand,  stratified 
dark  olive  brown,  layers  up  to  1/2"  thick  (ML) 

Sample  contained  a  3"-chlck  layer  of  widely  graded  coarse 
to  fine  sand,  located  In  middle  of  sample. 


SANO,  narrowly  graded  fine  aand,  ^I3X  aed  sand, 
nonplaactc  flnea,  light  brown  (SP)  Sample  concalneo  cwo 
l"-thlck  layers  of  strsclfled  silty  clay,  located  at  top 
and  bottom  of  saaple.  Sample  also  contained  one  l"-thlck 
layer  of  sandv  allt,  located  at  middle  ot  saaple. 


SI8-Top  ?" :  SILTY  SAND,  narrowly  graded  fine  sand,  M^X  nonpLaacic 

fines,  brown  (SM)  Section  concalned  one  )/8"-thlck  lense 
of  el  Lev  clay. 

Next  7“ :  SAND,  widely  graded  coarse  co  fine  sand,  mostly  aed.  to 
fine,  <.3X  nonplastic  fines,  brown  (SW) 

Next  3".  SILTY  SAND,  narrowly  graded  fine  sand,  ‘N-5rX  nonplastlc 

fines,  dark  olive  'SM)  Lower  I"  of  section  coninted  of 
stratified  silty  clay. 

Sot  3":  SAND,  narrowly  graded  aed.  to  fine  sand,  \3X  nonplaatlc 
t l nea ,  brown  ( S P ) 

S!9-Top  3"  SILTY  SAND,  narrowly  graded  fine  sand,  ^ 3CX  non  to  si. 
plasclc  tines,  dark  olive  (SM) 

Next  b"  SAND,  widely  graded  coarse  to  fine  sand.  v  3X  nonplaatlc 
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SOIL  ANO  ROCK  DESCRIPTIONS 


SI9-NPXC  2 " :  SANDY  SILT,  •!.  pU.clc  (Inn,  '40X  tin#  .and,  atraclflad 
dark  oLlve  brown  (ML) 

Sot  6":  SAND,  widely  graded  coarse  co  fine  sand,  <51  nonplaatlc 
fines,  brown  (SU) 


S20-Top  4": 

Next  2": 

Next  9” : 

Next  3": 
Soc  2": 

.21  -Top  3"  : 
Next  7 “ 
Next  4": 

bOC  4”  : 


S22 -Top  IV: 
Next  4" : 
9oc  1 “ : 


c23-Top  6“* 
Next  7H 


Next  7": 
Sot  7": 


SILTY  SAND,  narrowly  graded  fine  sand,  •'•201  nonpLasttc 
fine*,  olive  brown  (SM) 

SANDY  SILT,  si.  plastic  fines,  ‘'•401  fine  sand,  sera 
ctfleJ,  olive  brown  (ML) 

SAND,  widely  graded  coarse  to  fine  sand,  ‘'•’OX  fine  gravel, 
<5X  nonplastlc  fines,  brown  (SW) 

Similar  to  cop  **"  'SM) 

Similar  co  SANDY  SILT  above  (ML) 


SAND,  widely  graded  coarse  to  fine  sand,  ^5X  nonplaatlc 
fines,  brown  (SW) 

SAND,  narrowly  graded  ned.  to  fine  sand,  <5X  nonplastlc 
fines,  brown  (SP) 

SILTY  SAND,  narrowLy  graded  fine  sand,  ^25X  nonplasclc 
fines,  stratified,  dark  oLlve  brown  (SM) 

Similar  co  cop  i"  (SU) 


SAND,  widely  graded  coarse  to  fine  sanu,  .doatly  ned.,  ‘'■iX 
fine  gravel,  <5X  nonplasclc  fines,  brown  (SW) 

SILTY  SAND,  narrowly  graded  fine  aand,  ^40X  non  Co  el. 
plaacic  tinea,  olive  brown  (SM) 

SILTY  CLAY,  reod.  plaactc  fines,  ^’0X  fine  sand,  stra¬ 
tified,  dark  olive  brown  (CL) 


Sand,  widely  graded  coarse  to  fine  aand,  moecly  ned.  co 
fine,  <5X  nonplasclc  fines,  brown  (SW) 

SAND,  narrowly  graded  fine  aand.^lOX  nonplasclc  fines, 
olive  gray  (SP-SM) 

SaND,  widely  graded  coarse  to  fine  sand,  <5X  nonplasclc 
fines,  olLve  gray  (SU) 


SILTY  SAND  to  SANDY  SILT:  SILTY  SAND,  narrowly  graded 
fine  aand,  %20X  nonplastlc  fines,  oLlve  brown  (SM) 
Gradually  changes  co  SANDY  SILT,  si.  plasclc  fines,  "^OX 
fine  aand,  stratified,  olive  brown  (ML) 

SAND,  widely  graded  coarse  to  fine  sand,  <5X  nonplaatlc 
float,  brown  (SW) 

SAND,  narrowly  graded  fine  sand,  “^X  nonplasclc  fine*, 
brown  <SP) 


S25-Top  3  “ :  SAND,  narrowly  graded  fine  aand,  •'•10X  nonplasclc  fines, 

brown  (SP-SM) 

Next  8":  SAND,  widely  graded  coarse  co  fine  sand,  O0X  nonplaatlc 
tines,  brown  (SW-SM) 

Sot  10"-  Similar  to  cop  3"  (SP-SM) 
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SOIL  AND  ROCK  DESCRIPTIONS 


11  24  22 

10 
28 


$26-Top  8":  -AND,  narrowly  graded  fine  aand,  ■'■'OX  nonplaaclc  tinea, 

brown  (SP-SM) 

Next  6“:  SILTY  SAND,  narrowly  grided  fine  aand.  '-25X  non  co  al. 

pLaaclc  tinea,  dark  oLlve  brown  <SM)  Bottom  I*'  ct  aeccton 
container  a  layer  of  stratified  alley  clav. 

Qp-  1.05.  I . 10  caf 

Boc  8":  SAND,  widely  graded  coaraa  to  fine  aand, ^'51  gravel  up  co 
1.0"  six.,  I0X  nonplaaclc  fine*,  brown  (SM) 


S27  1  28  24  20 


S27-Top  10":  SILTY  SAND,  widely  graded  coarie  to  fine  aand.  '“‘OX  gravel 
up  co  3/4",  20X  nonplaaclc  tinea,  brown  iSM) 

Boc  10":  SAND,  narrowly  graded  fine  sand,  "'■’OX  med.  sand,  V5X 
nonplaaclc  tinea,  brown  (SP) 


S2 8-Top  2”:  SILTY  CLAY,  (tod.  plaactc  flnea.  MOX  fine  aand.  stra¬ 
tified,  dark  olive  brown  (CL) 

Next  b" :  SAND,  widely  graded  coarse  co  fine  aand,  'toady  aed.. 

l  5X  g  'l  uo  co  3/4",  <  5  X  nonplaaclc  fines,  Drown  <  SW) 
Next  9":  SILTY  «D.  narrowly  graded  fine  aand.  '-3<'X  nonpiaatic 
flnea,  ‘'■lOX  me«J.  sand,  stratified,  o.ive  brown  ihM) 

Boc  5”:  Similar  to  6"  sano  layer  above  (SW) 


1) 

S2°  15  24 

14 

11 


S29-Top  13”:  SAND,  widely  graded  coarse  to  fine  aand,  *^’0X  fine 

grevel,  '-•OX  nonplaaclc  flnea,  brown  ■  bW-SM?  Section  con¬ 
tained  a  2"-thlck  laver  ot  alley  fine  aand. 

Boc  3”:  SILTY  SAND,  narrowly  graded  fine  aand,  ■’-lit  nonplaaclc 
flnea.  brown  (SM) 


S30-Top  4":  SILTY  SAND,  narrowly  graded  fine  uno  .  **?M  nonplaaclc 

flnea,  dark  brown  iSN)  Bottom  '  '*  ot  section  consisted  of 
a  acracitled  sandv  silt. 

Next  13”:  SAND,  widely  graded  coarsa  co  fine  aand.  %’*X  travel  up 


SAND,  narrowly  graded  fine  sand, 
olive  gray  (SP-SM) 


'  'j  X  nonplaaclc 


S3i -Top  3"  SILTY  CLAY,  al.  to  mod.  plaacic  fines,  '-‘•‘l  fine  aand. 
stratified,  dark  olive  brown  i CL' 

Next  9”  SAND,  widely  graded,  coarse  to  fine  sand.  '.'OX  nonplaaclc 
flnea,  v5X  fine  travel ,  brown  iSW-SMI 
“■ot  b’  SANDY  SILT,  nonpiastic  to  s..  plastic  flnea,  '.'■5X  fine 

jana,  mottled  olive  grav  ar.d  brown  ■u:.1  r,-t:cn  appear*  co 

be  drv. 


SANDY  SILT,  non  to  al.  plastic 
olive  brnwn,  stratified 
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SOIL  ANO  ROCK  DESCRIPTIONS 


S32-Bot  8":  SAND,  widely  eraaea  coarae  to  fine  land,  ^  I  OX  nonplaactc 
fines,  frown  < SW-SM ) 


SAND,  narrowly  graded  ned.  ro  fine  sand.  *'■’•01  nonpiaatic 
flnea.  browniSP~SM)  Sample  contained  a  i-ln.  true*  layer 
of  stratified  silty  clay  1CL) 


SAND,  narrowiv  graced  fine  aano.  %1UX  nonpiaatic  lines, 
brown  iSP-SM: 


SILTY  SAND,  narrow!?  graded  fine  aano,  %'S1  nonpiaatic 
fine*,  brown  iSM) 


S36-Top  9" 
Next  V* 


SILTY  SAND,  narrowly  graced  fine  sand.  *v!  st  nonptasdc 
f  lnes  ,  brown  >  .tM) 

SILTY  CLAY.  moo.  p4a§cic  fines,  *'■101  tine  aano,  brown 
(CL) 

Qp  -  » . 3.  1.3  taf 
Sy  -  0.80  tar 
Similar  to  coo  9"  ?v) 

Similar  o  SILTY  CLAY  above  (CL, 


S37-Top  3‘*  SILTY  SAND  narrowly  (traded  lint  aand.  1  51  nonpiascic 
f 1  nea  ,  bro;m  SM ) 

Next  13  SILTY  CLAY,  mod.  piaaiic  finaa,  ''•u'l  very  tin*  aand. 
atraclfled.  darn  brown  >-.l, 

Vp  “  2.2.  2  .  .  : . -  t*t 

S  v  -  » >  .  „•  tar 

Approximate  Interlace  -  nvdrauilc  fill 


A i  l u  v l um 


Next  V 
bot  2 " 


SANDY  SILT.  Si.  piiitic  fines.  OSt  fine  nano,  b.acn 
ML) 

SILTY  SAND,  wioeir  graded  coarse  to  tine  aand.  %  t 
nonplaatlc  tinea,  biacx  i sM' 


SILTY  SAND.  w*.  delv  era  Jed  m  «> 

fine,'-/  STnonpiatcir  :  e  s  .  o  „  .  •. 
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5 1 r  t  -TS/COt 


SI  04 
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-  SILTY  SAND,  vtdelv  graded  coarse  to  fine  sand, 
%3UX  slightly  plastic  tinea,  '■'OX  urive;  up  to  * 
subangular,  d«*r*t  brown  (dM) 


*50iclv  ned  .  to  fine, 
subrounded  to 


S5  -  SILTY  SAND,  widely  graded  coarae  to  fine  land,  mostly  ned.  to  fine, 
*-30X  slightly  plastic  fine*,  '■'OX  gravel  up  to  " " .  suoanguiar,  top 
o"  dark  brown,  bottom  ’  1 "  brown  (SM.) 


56  -  SAND,  mrrowlv  graded  *ed  .  to  fine  sand, 
i ubrounoed  to  sapangular,  light  brown  >5 
-  ii  wviiieo  :  n  <  ,i  m  y  ier  m  top  or  sample. 


.  3X  nonoiaatlc  tinea. 

’  A  „  '  piece  or  gravel 


iuC»J  »r*  i  "«0J  >uuw(i  »».:  nt,  so  ’Ct* ' 
sect**  s 4«*u» 

e?«*  t»iTCn  i  iN-jr*  0»  vji*p“.i*  y>  r.y>(  t 
*f •  '  •*  ’Pvt»v  iiw*"  C*  sud-j 
*00  UU'H  C#  SOUND  C'j"ts  >4  N/jNCrM  CO 

J  5»U'  S*00*t 
-  h/eftO  Sau*C3 

-S  5n».I*  r’.30t  r,  5f«i  S( 

•  «!  D  e-STCN  ,p  »■ 

osrf»Bt»o  at- 


-EVaL'JATITS  :c  ~ur  SLIDE  IN  THE 
:.;WER  SAN  FERNANDO  CAM 


3 ant  i  t  " 0  .’66 
•*o*ct  oStfey 


BORING  LOCATION  sla  90'..  M.!‘- 

GROUND  ELEVATION  (NGV01 _ 

DATE  START/HNISH 

4j  10/85  /*I\71 85 

INCLINATION  Vortical  BEARING  *•'* 

TOTAL  OEPTH  (FT)  _ 

117.0 

DRILLED  BY 

Stewart.  UE5/COC 

CASING  10  *oc  ut'd  CORF  SIZE  »*  GROUNOWATFR  Ft. 

v"‘'  DATE  - 

1  OGGED  BY  A* 

r.io.  DATE  RM0.1J/R5 

SI04 


T ypt  BLOWS  PEN 
end  PER 
NO  6  IN  IN 


SOIL  AND  ROCK  DESCRIPTIONS 


S6  3  24 

14 

20 


See  previous  page. 


SAND,  narrowly  graded  med.  to  fine  sand,  mostly  med.,  M  51 
coarse  sand  and  fine  travel  up  to  V'J",  OX  nonplastic 
fines,  subrounded  to  suban$ular,  ’.lane  tan  (S?) 


10 

12  24  11 

n 


S8-Top  8":  SAND,  widely  Rradtd  coarse  co  fine  sand,  ‘'■’’OX  travel  up  to 
1/8'.  OX  nonplaatlc  fines,  subrounoed.  brown  i SW) 

8oc  3"  SAND,  widelv  traded  coarse  to  tine  sand,  OX  nonplaatlc 
fines,  supantuLar.  redutsn  brown  SWi  c«aple  contained 
two  pieces  or  !  *'  ?rivei  , 


pt“*  n»*no««  0»  sampvi*  cw  co*t  . 

"ft  ••?covtr»  u*.i;'ho»  s*u»a 

H-ifU  r0  SOUND  CO«*r5  >  •  «•  /  UMJT*  co*«o  % 
S  S*.-'  S»oOm  UmpvC 
■-  ;*•»>!  tjMIO  Siuevis 

.s  SHt.er  rust  ,a- ocx* son 

r  -  »-itp  *»Ston  .*-e»Tr*£n 

■>0  ostt»stao  -u-on 


*  £  -  E V ALL'A T 1 CN  CF  THE  SLIDE  IN  THE 
. WER  San  FERNaNDC  Dam 


aart  3/10/86 

*^<x«rr  85669 


BORING  LOCATION  St.  ’!.'■$  GHOLINO  ELEVATION (NGVDL 

INCLINATION  v.nu.l  REARING  »*  TOTAL  DEPTN  (FT) _ 

CASING  10  "°t  CORE  SIZE  GROUNDWATER  f\ 


14.5  DATF  STABT/F1NISM  «<10 '55  /  <H\V  t5  S !  04 

DRILLED  BY  r  <lfw«n,  wts/coc  — 

i _  LOGGED  BY  return  DATE  jn±.  12l£  PG  4  OF  9 


SOIL  AND  HOCK  DESCRIPTIONS 


S9 -Top  3": 

SILTY  CLAY,  mod, 

.  plaacic  fines,  "'-lOX  fine 

sand , 

laminated. 

dark  gray  (CL) 
to  'A,“  chick. 

Occ.  irregular  layers  ot 

si  ley 

fine  sand 

Appro* imate 

Interface  -  Rolled  Fill 

Hydraulic  Fill 


SILTY  SAND,  narrowly  graded  fin#  sand,  MUX  nonpiaatlc 
tinea,  laminated  dark  brownish  grey  ( SH) 

Siallar  to  cop  3’* 

Similar  to  SILTY  SAND  above  ISM) 

(Top  3")  SANDY  SILT,  slightly  plastic  fines,  M5X  fine 
sand,  dark  gray  (ML) 

(bottom  £”)  SILTY  CLAY,  mod.  plastic  fines,  <51  fine  sand, 
Laminaceo,  dark  gray  (CL) 


$10  10  24  20 

10 
16 


St  0-Top  5" 
Next  9“ : 


SAND,  narrowly  graded  aed.  to  fine  sand,  Nl0X  nonplasclc 
fines,  dark  olive  gray  (SH 

(Top  2“ )  SANDY  SILT,  si.  plastic  fines,  %*0X  very  fine 
sand,  dark  olive  gray(ML) 

'Middle  6")  SILTY  SAND,  narrowly  graded  fine  sand,  %2UX 
nonplastic  fines,  dark  olive  gray  (SM) 

Soctom  1")  SILTY  CLAY,  mod.  piascic  tines.  <5X  fine  sand, 
dark  olive  gray  (CL) 

Similar  to  cop  5”  'SP) 


sn-Top  y 
‘Jest  7" 
Sot  3" 


SILTY  SAND,  narrowly  graded  fine  «ana,  MTX  nonplasclc 
fines,  dark  olive  gray  (SM) 

SAND,  widely  graded  coarse  to  fine  sand.  <5X  nonplasclc 
fines,  dartc  olive  grav 

Sandy  CLAY,  si.  plastic  tines,  OCX  fine  sand,  darn  olive 
gray  (CL) 


SlOwJ  •  *  '40i_B  'UWWCft  **l.Li*G  S3  TO  0*ivg  A  2  0 1*  OO  NOTES 

S»V'T  SPOON  SAMPLE* 

•fR-PEvcTwarioM  LCHiTv,  or  samp\j*  o*  CO#C  S*»*€l 

■EC  COvC**  t«yOTM  o»  Sampu 

•00  LlNiitM  or  SOUND  C0*T5  >A'N/UMOTM  COPCO. % 

S  set  f  SPOCt  SAMPLE 
J  UNO'S  *’J«BC0  SAUPVCS 


.  S  ShElS*  *U§f 

.  *  •  »E£>  P'ST0% 
v  .  -  osHPaceo 


mO  •  Of  a<SO*» 
,p-p<  TTH£» 

vO-«H 


se-cvalla r;  'r  * ;r  si:?z  rv  the 

.  _VER  SAN  • £5  N AS  DO  D  A  u 


oKTTscmncAL  bnoinum  sic  0*Tg  3;  1 0/86 

**ojcct  65^69 


«*ou«o*atc* 


0 


BORING  LOCATION  . 


■  Ls  GROUND  ELEVATION INGVD1- 


INCLINATION  tf.nl  c.l  BEARING  n»  TOTAL  DEPTH  (FT) _ 

CASING  ID  "■«<!  CORE  SIZE  'U  GROUNDWATER  EL.  t«!i 


5  DATE  START/FINISH  fMOHI  /m  ?'«  SI04 

_  DRILLED  BY _ f.  Slum  wcs/cot  — 

_ _  lOGGEO  by  1  >»»!■.  DATE  q  PG  6  or  9 


SOIL  AMO  ROCK  DESCRIPTIONS 


SANDY  CLAY.  mod.  plaaclc  fine*,  '>20X  very  fin*  sand,  laal- 
naced,  very  dark  brown  (CL)  Saaple  concained  two  1" 
layer*  or  alley  fine  sand  locaced  at  Che  middle  and  cop  of 
sample. 

Op  -  1.3.  1.5,  1.8  csf 
Si  -  0.8b,  0.90  csf 


SILTY  CLAY,  nod.  plaaclc  fine*,  a-IOX  very  fine  aand,  iaal- 
naced,  very  dark  olive  brown  (CL) 

Q„  -  1.50,  1 .60  cat 
-  0.93,  0.93  csf 

SILTY  SAND,  narrowly  graded  fine  sand,  *051  nonpla*clc 
fines,  very  dark  olive  brown  (SM) 

SILTY  CLAY,  mod.  plaaclc  * lnea ,  ^'OX  very  fine  aand.  laal* 
naced,  very  dark  olive  brown  tCL)  Occ.  lenses  ot  silcv 
fine  sand. 

Qp  -  1.50  csf 
SL  -  0.92  csf 


S16-Top  2"-  SILTY  SAND,  narrowly  graded  fine  sand,  %20X  nonplaaclc 
fines,  very  dark  olive  brown  (SMI 

Nexc  <***  •  SILTY  CLAY,  mod.  plastic  tinea,  OX  fine  sand,  laminated, 
very  dark  olive  brown  (CL) 

Next  7":  SILTY  SAND,  narrowly  graded  fine  sand,  “OCX  non  co  n. 

plastic  tines,  very  dark  olive  Drown  <5M) 

Next  <«"  :  Similar  to  SILTY  CLAY  above  iCL) 

Jp  *  ’.0  cat 
S„  -  .‘i.O  cat 

Hot  2”.  Similar  to  top  2"  (SM) 


»(  •  »  '***"«*»  'J(l  NO  JO  fOC*'WTA*0  moo 

'  “V  T  JAM^Lt  « 

»*«#  ■  pf  wr  un  ,n«  o#  <«***.£•  o*  co»e  sas*(l 

"ft  LtNiT-  t<  VAMPli 

•JO  L(  *K.  Th  C0  SOUHO  CO«CS  >  «  N  /  LX  **C T H  co*co  % 

1  S*.  ’  ?"O0**  VkWPVt 
.  w«*o.jTu*Sfo  viyno 

\  1“fi S»  TUS€  .0  OfNiSON 

*  *  f  0  .R*'Th|« 

- 1  c s ' f s at so  .a  oil 


-F- evaluation  or  t^f  < 
..  TWER  S  AN  FEPNAN’J 


(J)  “T 


o*crr»CH>»iCAi.  inoinum  d*c 


o*m  J ,  *  C  /  86 

p*ojfcr  8509 


SI04 


SORING  LOCATION  _5££ _ Q-}V.  ^  !  s.  GRQUNO  ELEVATION  (NQVp l _  DATZ  START/ FINISH  2S121I1 

INCLINATION  vertical  BEARING  v  TOTAL  DEPTH  (FT.) _ LLU2 _  DR”  LED  BY  *  uts/CQE 

CASING  ID — CORE  SIZE  _i__GROUNDWATER  EL. _ ■»'  DATE  LOGGED  RYj.n.  -Mn»  DATE  ■>' i0~ ] : '  95  I  PG  9  OF  9 


EL  DEPTH  I  SAMPLE 


type  blows 

and  PER 

ft  rr  no.  6  in 


SOIL  ANO  ROCK  DESCRIPTIONS 


Approximate  Interface  -  Hydraulic  fill 


A  1 1 uv lum 


SANDY  SILT,  non  to  si.  plastic  fines,  %35X  fine  -  med  sand,  ^51  graval 
up  to  S".  blackish  olive  gray  iML) 


S23  24  22 

25 


Siallar  to  S22  (ML) 


SILTY  SAND,  narrowly  graded  fire  sand,  'OCT  r.ono.iitic  fines, 
Jilve  gr^v  And  brown  ($*> 


bottom  of  Porehoie  -  *  1  ? . C  ft 


»f  *  ft  lB  MAwvif  a  »«  _  H  j  y,  *0  -».vg  A  }  ■  ii 

‘i**.1  T  S9  ",N  8 

orN  »?*£’■»»'•  n  .»  '.A  or  <J«W  i  ft  -Tft  :o*l  §*»■(  • 

:  ■icovc*''  its /h  i 

“30  UtNO'H  V*XO  CO»fS  )*  4/aKOtn  CO*fO  ■*. 

•>  SAMfvC 

J  ^*»CSfUA0tO 

T.flC  .C  Of*t’SON 

.f  ri*ro  nr-c* 

-O'  ovcsacM  ...i-at 


NOTES 

*? e  c  Age 

-E-E valla :::n  of  t,!e  si 

::e  is  the 

.:wer  s as  fffnanix 

T  *M 

oarrraocwicAi.  m»noiwmam  mo 

3  art  3/10/06 
a^oXct  85669 

80RING  LOCATION  si.  9, IV  2  U'!  GROJNO  ELEVATION  ( NGV01 _ 

INCLINATION  v.riic.l  BEARING  s.  TOTAL  OEPTH  (FT) _ '  '->.0 


CASING  10  “oi  CORE  SIZE  -:a  GROUNOWATTR  EL. 


.  DATE  ■  LOGGED  BY 


DATE  START/FINISH  ’/  !*/•'  Si  05 

ORILLED  by  r  wgs/coc  — — — — 

LOGGED  BY  j.p.  OErkin,  date  2lLL-Lf:  8*  PG  2  OF  9 


Blows  pen 

PER 

6  IN  IN 


SOIL  ANO  ROCK  DESCRIPTIONS 


110 

S4  J57  24  21 

27 


SILTY  SAND,  widely  graded  coarse  to  fine  sand,  wosclv  fine,  M 01 
non  to  »L.  plastic  fines,  n.lOX  gravel  up  to  ''2",  blackisn  *ray  (SH) 


21  |S5  26  24  19 


Sloilar  to  S4  (SM) 


SILTY  SAND,  wldeiv  graded  coarse  to  fine  sand.  \)PX  nonpiastlc 
fines,  ’t  aravel  uo  to  ’.0".  biackvsb  brown  iiv.' 


«  -'«olj  Fuwitfs  »»i  lino  jo  to  oatvf  *  j  on,  oc  NOTES 
'A'f  leoos  sawPitft 

»?**  •<•»€  q*  u-M*  0*  CO*t  s**»fL 

»•:  •tCOveer  aifi’ii  0»  *am«»U 

°:0  L£%0TW  os  *x**0  ccwn  co»to.% 

%  *euT  voo*  v»*«t 

-•  v.»0iJTu»iU>  UKAO 


-  %  1"ClS»  TuSt 
-  *i*tO  **to«, 

»o-  omaocae 


jO'OCNDON 

ue-e.n:*,tR 

uo- 9«i 


»E -EVALUATION  OF  SLIT'  in  THE 

LOWER  S*N  FERNANDO  : A M 


3AT»  3/10/86 
►•QjrrT  83669 


S  105 


DATE  STAHT/FINISH  *'!?'»  /*'!>■« 


(even.  WM/C0g 


1: DATE ; _  LOGGED  BY  j.».  DATE  n  /  i  ?  - 1 1.  pQ  5  Of  9 


SOIL  AND  ROCK  DESCRIPTIONS 


Set  previous  page 


SU  S  |2A  j  2<« 


SANDY  CLAY,  cl,  plaaclc  fine*,  V25X  fine  send,  irregular 
« t rat i f lcac ion ,  blaculah  olive  (CL) 

Qp  -  1.3  csf 
SL  -  0.72  caf 


S15  5  24 


SANDY  CLAY,  al.  plaetlc  fine*,  %25X  very  fine  **nd.  itri 
elfled,  blacKiah  olive  (CL) 


SILTY  CLAY,  mod.  plsactc  flnee,  *v » OX  very  fin*  aand, 
stratified,  blackieh  olive  (CL) 

Qp  -  0.8.  1.3.  1.5  caf 
Sj  -  0.53,  0.73,  0.75  caf 


S17-Top  2 3 lyAjj •• :  SILTY  CLAY,  mod.  plaaclc  flnea,  ^lOX  very  fin*  aand, 
scraclfled,  blackieh  olive  (CL) 

Qp  -  1 . 3.  1 .6  taf 
SO  -  07.8,  0.73  caf 

Soc  W2":  SAND,  narrowLy  traded  fine  aand.^tOX  nonpLaaclc  fin**, 
olLve  brown  (SP-SM) 


5" i  SaNDY  CLAY,  *1.  plaeclc  fln*e,  2 5 X  fin*  aand,  blackish 
olive  (CL) 

’0"-  SaND,  narrowly  traded  fine  aand,  ^5X  nonpiaacic,  brown 
SP) 


■Top  5":  SILTY  CLAY,  icod.  plaaclc  fine*.  05X  fine  aand,  atra- 
rlfied  dark  olive  brown  (CL'  Occ.  pockeca  and 
lenaea  ot  alLcv  fine  aand. 

3"  ■  SANDY  SILT,  non  co  si.  plaaclc  flne*,-\.3ST  fine  aand,  dark 
olive  brown  (ML)  Occ.  layers  of  sllcv  ciav  co  1/8" 
chick. 

*oc  5”:  SILTY  SAND,  narrowly  graded  fine  aand,  ^2?X  nonpiaacic 
flnea.  '-SX  aed.  to  coarae  aand  ,  olive  brown  <SM ' 


BLOWS  »*•  S  ■  «0’.J  ■vAWMf  *  w  re  D*>v*  a  1  o*  oi  I  NOT  is 

"*  **  . it'.'n  00  oe  cc*f  a*"»fL 

HZ  “KOVfWT  L/Afi’"  Cf  VIMPVJ 

•00 -LI  Non,  r *  VM.WO  C0*TJ  >«  "  /  UNCO.  CO*fC  % 

5  5^.’  1*OOW  V.«( 

-  VNOfTifWeCD  lAwix.  ts 

1  ("(.I’  V.  «f  ,0  OtN'SON 

<  f  ti  j  a*  vo*  ».  n>c* 

vf>  01Ur«(*q  At  9f 


ri-evai'at::n  the  slice  in  the 

W E  K  SAN  F  C  VN  AN  DC  TAN 


?  *  nt  3  /'  *0  /86 

»w<i*CT  8  L  h  b  y 


SORING  LOCATION  <•».  >3.fl  GROUND  FI  FVAODN  I  Nnum  HU  1  DATE  RTAPT/FINIBH  /tn>m  S  I  05 

INCLINATION  v.nic.i  BEARING  **  T0TA1  DEPTH  (FT.)  117.0 _  DRILLED  BY  '  iwm  Jti/cot  - 

CASING  |QJto»_u.«J  CORE  SIZE_^ _ GROUNDWATER  El - ■'»'i  DATE  - _  LOGGED  BY  : .«.  iag-j  DATE»/;?-h.>»)  PG  6  OF  9 


typc  blots 

Ond  PER 

rt.  hq.  s  in 


SOIL  AND  ROCK  DESCRIPTIONS 


S20-Top  5  SILTY  SAND,  narrowly  traded  fin*  sand,  non  plaaclc 

flnea,  med.  co  coarae  »and,  olive  brown  <5N) 

Bat  15":  SANDY  SILT-SILTY  SAND,  non  CO  a l ,  plaaclc  flnea,  v50X  fine 
aand,  blacklah  oLlva  (rtL-SK) 


$21-Top  17":  SILTY  CLAY,  mod.  plaitlc  flnaa,  ""» •  0 X  fine  land,  atratlfled 
blackish  olive  (CL) 

Sv  -  0.90,  0.90  caf 
QF  -  1.50.  1 . 50  caf 

Naxc  5":  SANDY  SILT,  non  to  ai.  plsstlc  fLnea,%45X  fine  aand, 
blackish  olive  tML) 

9oc  2":  Similar  co  cop  )7"(cL) 


SILTY  SAND,  narrowly  graded  flna  aand.  %40X  non  co  al. 
plaaclc  final,  blackish  olive  (SN)  Entire  length  of 
sample  dtaturbed.  j’lece  ot  grava,.  In  head  ol  sampler. 


S23-Top  5":  SILTY  SAND,  narrowly  graded  fine  aand  *n30X  nonplaatlc 
flnea,  very  dark  ollva  (SK) 

Naxc  7":  SILTY  CLAY,  mod.  plaaclc  flnea,  N-10X  fine  aand,  acra- 
cifled,  very  dark  olive  (CL) 

Next  2":  SILTY  SAND,  narrowly  graded  fine  aand ,  '■20X  nonplaatlc 
flnaa,  very  darx  olive  (SM) 

Naxt  2":  SANDY  CLAr,  al.  plaaclc  flnaa,  <-35X  flna  aand,  acratlfied. 
very  dark  olive  (CL) 

Boc  3":  SAND,  narrowly  graded  fine  tend,  *  5X  nonplaatlc  flnea,  tan 

(SP) 


S24-Top  SILTY  CLAY,  al.  plaaclc  flnaa,  ^30X  flna  aand,  very  dark 

olive  (CL) 

Boc  19":  SILTY  CLAY,  mod.  plaaclc  flnea,  V10X  fine  aand,  ecricifled 
very  dark  olive  (CL) 

Sv  -  0.86,  0.91,  0.7&  caf  top  co  bottom 
Qp  •  '-6.  1.6,  1.3  caf  cop  co  bottom 


SILTY  CLAY,  mod.  plaaclc  fine#,  '‘’OX  fine  aand,  lira- 
cifled,  very  dark  ollva  .  ID 

S v  -  0.56,  0.75,  caf  rop  co  bottom 
Qp  •  0.80,  1.60,  taf  cop  co  bo'tom 


SILTY  CLAY,  sod.  plaaclc  flnea,  n>0X  vary  flna  aand,  stra¬ 
tified,  dark  olive  (CL) 

Sv  -  0.74,  0.93,  0.93  caf  cop  co  boccom 
On  “  0.90.  i.b,  '.5  taf  top  to  boccom 


S'-OwS  «  '*Ova  Hamate  »Au_-i«e  so  Tp  o**t  uo»  OC  NOTES 

saviJ  »»0O*«  Umax* 

n*  ■  Tm*noH  vihgor  oe  r»  coat  mjh*l 

er* OvtJ**  O*  Uwi>( 

0»  axao  co«o  >«■*•  /  umni  coeco  m, 

S  SAJI  IAXX  UHA( 

j  •  v*o»« amaco  uuao 

)  '  Wir  njtt  *>-«*<*» 

■>*  '  "C#  **T om  n>te 
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BORING  LOCATION  A,.  M  u- .  rtBrtlWn  FI  FVATION  (WGVnt  llll.l  DAT*  TO»T/rNH«  V/II/M  S  105 

INCUNATON  V»1UH  BEARING  s»  TOTAL  DEPT*  (FT) _ n^O _  DRILLED  BY  f.  luxtu  ntsicoe  —  -  11 

CASING  tO-«»t  u..a  CORE  SIZE_na_GROUNDWAT£R  E\ _ N>nPATT  •  LOGGED  BY  J F.r.i*.  PATE  ?• !.'»>  M  7  Of  9 


CASING  IP_«°t  CORE  SIZE_va_GROUNOWATER  EL.. 


SOIL  AND  NOCK  OE  SC  Rl  FT  IONS 


S26  I  3  24  24 


SILTY  CUY,  sod.  plastic  fines,  *'•101  fine  sand,  tcr<- 
tUled,  vary  dark  ollva  (CL) 

Sv  •  0.93,  C.91  ,  0.95  taf  top  co  boccoa 
Qp  •  1.7,  1.7,  1.7  taf  top  Co  boccoa 


SILTY  CLAY,  nod.  plastic  fines,  nIOX  verv  fins  sand,  stra¬ 
tified,  very  dark  olive  (CL)  Moat  of  saaple  disturbed 
froa  piece  of  gravel. 


3291  11  24  24 


SILTY  CLAY,  aod.  plastic  fines,  VOX,  very  fins  send, 

•  tree l fled ,  very  dark  olLva  (CL)  Staple  contained  several 
Irregular  pockets  and  lenses  of  silty  fins  sand. 

Sv  -  0.95,  0.95,  0.85  tsf  cop  to  boccoa 
Qp  •  1.4,  2.0,  ' . 8  tsf  cop  to  boccoa 


S30-Top  4":  SILTY  CLAY,  aod.  plastic  fines,  VOX  vsry  fine  sand,  ecra- 
ctfled,  very  dark  olive  (CL) 

Nexc  6":  SILTY  SAND,  narrowly  graded  fine  sand,  V5X  nonplaeclc 
fines,  very  dark  olive  (SM) 

Meat  3":  SILTY  CUY.  slallar  co  cop  4"  (CL) 

Next  2":  SILTY  SAND,  narrowly  graded  fine  sand,  VOX  nonplasclc 
fines,  very  dark  olive  (SM) 

Bot  9" :  SILTY  CUY,  slallar  co  cop  4”  (CL) 


VOX  nonplasclc 


S3 1 -Top  5"; 


S  32-Top  17” 


SILTY  CUY,  aod.  plastic  fines,  VOX  very  fins  sand,  scra- 
tlfled,  very  dark  olive  (CL) 

SILTY  SAND,  narrowly  graded  fins  sand,  V5X  nonplasclc 
fines,  very  dark  olive  (SM) 

SILTY  CUY.  slallar  co  cop  5”  (CL) 

SILTY  SAND,  narrowly  graded  fine  sand.  VOX  nonplasclc 
fines,  very  dark  oLlve  (SM) 

SILTY  CUY,  slallar  co  cop  5"  (CL) 

SILTY  SAND,  slallar  to  cop  7”  layer  above,  tscepc  olive 
brown  (SM) 


SANDY  SILT,  non  to  si.  plastic  fines,  VOX  fine  ssnd,  olive 
brown  (ML) 

SILTY  CUY,  aod,  plastic  fines,  •'■'OX,  verv  fine  ssnd. 
stratified,  olive  brown  (CL) 


SU5VS  *(■  «  *uv*rt»  FPt  uNfl  »  TOOD-4  110WQO  NOTES 

*rvr  or  sttii*  i *  os  cc*r  smpcl. 

•tc  •tcovurr  uns’p  o»  uwfu 

•oc  urqdi  of  vxxo  to*cs  >«** /ulmotw  co<*co,% 

S  S*Jt  SPOON  SAMFll 
u  vNotnjNsto  uvn.n 
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HE .EVALUATION  OF  THE  SLICE  IS  THE 
I^VER  SAN  FERNANDO  DAN 


3/ 10/96 
pno^ct  8  S669 


^  «»0 urowriF 
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BORING  LOCATION  su  irU.  : 
INCLINATION  i.nu.l  SPARING  . 


.GROUND  ELEVATION  IN  GVOL 
.TOTAL  DEPTH  (FT) _ 


CASING  ID  lot  u..d  CORE  SIZE  i*  GROUNDWATER  El _ ~l> 


DATE  START/FINISH  - 


S 105 


r.  Sttwrt.  ■TSi'COE 


LOGGED  ry  J-*-  ZZSllUZ  DATE  PG  8  OF  9 


TYPE  Blows  PEN  pec 
one  PEP 
HQ  S  IN.  IN  IN 


SOIL  AND  ROCK  DESCRIPTIONS 


SILTY  CLAY,  mod.  plastic  fines,  %5X  vary  flna  ««nd.  stra¬ 
tified  dark  brown  (CL)  Ccc.  irregular  pockets  and  lenaea 
of  silty  fine  sand. 

Sv  -  l.O,  1.0  tsf  top  to  bottom 
Qp  -  1.5.  1.8  tsf  top  to  bottom 


SILTY  CLAY,  mod.  plastic  fines,  '"'OX  vert  fine  sand,  atra 
tlfled,  dark  brown  <CL) 


9  24  24 

12 


SILTY  CLAY,  mod.  plastic  fines,  %10X  very  fine  sand,  sera 
tifled,  dark  brown  (CL) 

SILTY  SAND,  narrowly  graded  fine  sand.  >>40X  non  to  sL. 
plastic  fines,  dark  olive  brown  (SH) 

SILTY  CLAY.  mod.  plastic  fines,  n'OI  very  tine  sand,  stra 
tlfled,  dark  brown  (CL)  Occ.  irregular  pockets  and  len¬ 
ses  of  silty  fine  sand. 

Sv  -  ;.J,  0.86  tar  cop  to  boctoa 
Qp  -  2.0,  1.7  tsf  top  to  boccom 


SILTY  CLAY,  mod.  plastic  fines,  '*’r'l  very  tine  sand,  ecr< 
tlfled,  dark  brown  (OL)  Occ.  irregular  oocaats  and  len¬ 
ses  of  alley  fine  sand. 

Lower  half  of  sample  contained  a  ‘."-chick  layer  of  SILTY 
TINE  SAND  with  "-*»QX  nonplaatic  fines. <bK) 


i  24  24 

10 


SILTY  CLAY,  mod.  plastic  flnaa,  ^'OX  verv  fine  sand,  sera 
tlfled,  dark  brown  <Cl)  Several  Irregular  pocaeta  and 
lenses  of  silty  fine  sand. 

Q0  -  i .ft,  1.6  tsf 


SILTY  CLAY.  mod.  plastic  fines,  n'OX  very  fine  sand,  stra 
tlfled,  dark  brown  (CL) 

Sv  -  0.95  tsf 
Jp  “  ’ • ft  tsf 

Sample  contained  two  2"-thick  layers  at  the  top  half  and 
one  i*"-thlck  Laver  at  the  bottom  rra ,  f .  The  isysra  ;'On- 
*  is  ted  ot  SILTY  SAND,  r.arrrowiv  graced  fine  »and,  **  '  X 
vonplastlc  ;  lnea.  dark  brown  i  bM  ! 


*  *■  s  ■v.MUt*  .3  K  r0  0*'-*  »  I  0«.  on  NO’ES 

•  i*.  ’  *,•  H  )»«»■(• 

*■  *«  NT  -  }n.'~  ^  U«i*(*  *  . 

.  fHi’-o*  V»kiR\l 

**  v  *x»»o  cc^rs  >«  •<  j ■win.  ec*ro  n» 

'a  *  l^oni*  UBR.! 

.N>»  r'i*StC  TA  M  -  n 

i  .0  our  so* 

•  *  «i  o  y*t  »• 

-O  OS  '  F *84  *0  >1  «(: 


-  f  v  a  .  *  ? :  ‘  *  r 
.  -  r  g  *  > 


o*ri  3  /  10  -'86 

•«curcT  85669 


_ GROUND  ELEVATION  (NGVm 

_ TOTAL  DEPTH  (FT  ) _ 10*  .0 

A _ groundwater  el..-n»L)  date 


REMARKS 


_  DATE  START/ FINISH imiM  ,  / ILlLLSA  S  Tl  I 

_  DRILLED  BY _ liifli  liiam  HMfli  — — 

_  LOGGED  BY .i.i.  rrrkU*  ,,  PATEh»LJaim  PG  I  OF  8 


SOIL  ANO  ROCK  DESCRIPTIONS 
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Cleaned  out 
borehole 
with  e  fc” 
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bit  with 
upward 
jetting. 


SI  -  SILTY  CLAY,  al.  plaatlc  clnaa,  ^301  tied,  to  ftnt  sand,  brown  (CL) 


S2  -  SAMDY  CLAY,  *1,  plastic  ( ln«a ,  nI5X  flna  aand,  brown  (CL) 
Occ.  Irregular  pockera  of  allty  flna  aand. 


S3  -  SlalUr  to  S2  (CL) 


#lO»j  *C»  *  ’AO  lA  >awwta  **il.*«  10  to  ojmv*  a  I  o*  oo 
jp-jow  n«h.M 

Of  ^  •  Pfvf  Of  uwoja  on  conf  na*«tc 

-  aicovtat  v_£ *»& r m  0»  U«»U 

•oo-UMdoi  o'  womo  conn  >■«* /^worw  coaco.% 

1  snor  inoow  umm 
j  -  uwO»fTu*atO  lAwrtO 

.1  JKJT  TU«C  jO  OCMIJOM 

j'  f iiio  «s»o#»  j'-pm twee 

uOO»rtM«tAa  ua-td 

NOTES 

•  roondweier  .evpiS 
:  e cause  sen con: te 
.sed  i  r.  jO  re  hole  w 
.  " accurate  reading 

=t-EVAi  l  AT  :c*»  or  T«f  SLITE  '.N  THf 
„JV£B  SAN  FERNANDO  Dam 


oatu  3/10/66 
**gjcct  65669 


BORING  LOCATION  . 


.  GROUND  ELEVATION  lNGVO)_ 


INCLINATION  BEARING  na  TOTAL  DEPTH  (FT )  _ 

CASING  ID  uuui,  CORE  SIZE  **  G ROUNDS ATF R  EL  . 


DATE  START/ FINISH 


SOIL  ANO  ROCK  DESCRIPTIONS 
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SARD,  widely  graced  coine  to  fine  land, 
'  *2 "  ,  ■'•'Ol  nonplaatic  fines,  brown  i  5  U  - 
SILTY  SAND,  narrow. v  graced  fine  sand,  “* 
fine  i,  sc.  rat  It:  el,  dark  olive  gray  b1-' 
STRATI  FIFO  SILTY  CLAY  CL) 

Similar  -o  SlI'v  Sand  above  'SM.) 


'• 1  C  X  gravel  up  to 
j\  nonplaatic 


SILTY  SaND,  wideiv  graded  coarse  to  fine  sand,  N?CX 
nonpmiic  f  i  •>  e  s  .  be  own  •  S u tamale  concerned  e  I  -thlc* 

.  ay*r  of  strati  lied  si  lev  tine  la-'a  .  :ampte  contained  MCI 
gravel. 


SAND,  narrowly  graded  led.  to  fine  sand.  '-  OX  nonplaatic 
fines.  *-iOX  coarse  sand,  stratified  olive  brown  '-M-SPi 
Section  contained  a  '/'-thick  Laver  or  strati:  led  s :  .tv 
c  1  *« 

SAND,  Widely  graded  coarse  co  fine  aano ,  \'I  nonplaatic 
tinea,  brown  i  - ) 

SILTY  SAND,  narrowly  graded  fine  sand,  *•-  2  b  X  nonplaatic 
fine  a,  dark  olive  or own  tiM) 


SaND,  widely  graded  coarse  Co  fine  sand,  t  ponp;a§:ic 
tinea,  gray  and  brown  •  1W-SM) 

STRATIFIED  SANDY  CLAY  (CL) 

SAND,  widely  graded  coins  to  fine  sand,  -‘X  nonplaatic 
rlnee,  brown  f.SW' 

SAND,  narrowly  graded  fine  sand.  MOX  nor n *»■  t Id  fme>, 
brown  i :>  P  -  SN ) 


SILTY  SaND,  rerrowlv  graded  fine  sand.  MCI  nonolaetlc 
tinea,  strati:  i  e  j ,  dark  olive  grav  tu  eccior  contained 
two  h  l  c  *  .avers  of  -oed.  c.-  ilr.e  sand,  lection  con¬ 

tained  three  idlers  of  fine  aandv  j;,:  Lavers  or  up  to  l" 
.hick. 

'.AND,  wuelv  graded  coarse  to  fin*  sand,  neatly  tro.  ,  v>  H 
grave*  up  to  T”.  '•'OX  nonplaatic  (l-es.  trtwn  ■  '  *  -  n  “■ 


SAND,  Widely  graded  coarse  to  f. re  ii"1 . 
tinea,  or  own  SW-SM  mpit  ocr  :  a  i"e  : 
layer*  oz  stratified  sand/  ail:. 


i-iei  *r»  a  «ou  lawwfa  eau.  n&  so  •:  c-*ivf  *  j  c 

set*  r  s*w*i<* 

•» vf  ir*CN  j,»« 

»»  .  •  rot**  or  um"  ! 

•  y;  ■  lI  wy  r**  or  KXe«0  ct*rs  >*  *  .*  uwotw  co»to  % 

1  1*.  '  seoo*«  Uii«u 
..  .NCI bjeato  lAnevn 

,s  sutler  roar  jo  oe**v» 

.  *  •  r>if  5  e»s’0*» 

iOonwiss  vfl-egi 


o  *  rx  3  /  *0/86 
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BORING  LOCATION  SH  *•»,  :  ]J  ■  3  GROUNO  ELEVATION  l  NOVO 

INCLINATION  f  n  r .  l  BEARING  TOTAL  DEPTH  (FT) _ 


.GROUNDWATER  EL 


Sill 


po  4  of  8 


TYP£ 

Cftd 

rr  no 


SOIL  A  NO  ROCK  DESCRIPTIONS 
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1 1 


S 1  6-Top  1 4" 


SILTY  SAND,  narrowly  graded  line  sand.  'WOX  nonplaadc 
f inea ,  brown  ( SM ) 

SANDY  SILT.  si.  plaadc  flnaa,  ^351  flna  sand,  atradfltd, 
dark  olive  (ML) 

SAND,  Widely  graded  coarse  co  fine  aand ,  ^10X  nonpLaaclc 
fines,  brown  tbW-SM)  Section  contained  two  ’^'’-layers  of 
aandy  silt 


SAND,  widely  graded  coarae  to  fine  aand,  ^  1 0X  gravel  up 
3/8**,  *fI0X  nonpLaaclc  fines,  brown  (SU-SM) 

SILTY  SAND,  narrowly  graded  fine  aand,  ^20X  nonplasclc 
tinea,  dark  olive  (SM)  Section  concerned  one  '£"-chtck 
layer  of  coarae  to  fine  aand. 

SILTY  SAND,  aiallar  co  cop  u" .  (SW-SM) 


SILTY  SAND,  narrowly  graded  fine  aand.  ^25X  nonplasclc 
fl"“«,  dark  olive  (SM)  Section  contained  three  2”-chlck 
layers  of  coarse  co  fine  aand  located  at  cop,  Biddle  and 
bottom  of  section. 

SANDY  SILT,  si.  plastic  fines,  ^**0X  fine  send,  acratifled, 
dark  olive  (ML) 


SANDY  SILT,  si.  plssclc  fines,  ^50X  fine  sand,  stratified, 
dark  olive  (ML-SM)  Occ.  chin  layers  of  silty 
c  is> . 

SaND,  widely  graded  coarse  to  fine  sand,  OX  nonpl««tiC 
flnee,  brown  (SW)  Section  contained  one  '/2"-thlck  layer 
of  silty  fin#  sand. 

SaND,  narrowly  graded  fin#  aand,  ■■-'OX  i.onplaatle  fines, 
10X  msd.  ssnd,  brown  (SP-SM) 


STRATIPIED  SANDY  CLAY,  SILTY  SAND  snd  SANDY  SILT,  (top  CO 
botcoa)  Gradual  transition  froa  sandy  clay  to  alley  aand. 
Descriptions  of  each  layer  are  aa  followa: 

SANDY  CLAY  al.  plaadc  flnea,  ■y20X  fLne  sand,  acratifled, 
dark  olive  (CL) 

SILTY  SAND,  narrowly  graded  fine  aand,  ■'•<*0X  nonplaetlc 
flnea,  dark  olive  (SM) 

SANDY  SILT,  non  co  al.  piaaclc  flnea,  *^40X  fine  aand,  dark 
ollva  (ML) 


S19  Top  3"  r  SANDY  SILT,  al.  plaadc  flnee,  O0X  fine  aand,  acratifled, 
dark  olive  (ML) 

3ot  !2".  bAND,  widely  graded  coarse  to  fine  aand.  -■oacly  med . 

^'01  nonpLaaclc  tinea,  brown  (SU-SM' 


S20  Top  V:  SANDY  SILT,  al.  plastic  fines,  d^X  fine  aand,  alrs- 
tlfled.  dark  ollva  (ML) 

‘•ext  3”  'AND,  widely  graded  coarae  to  tine  sand.  "■*  ’  9  X  nonpLaaclc 
tinea,  brown  (SU-SM) 

Next  •  Similar  to  too  V  'ML) 

•exc  *» "  '•■AND.  -arrowlv  graded  fine  aand ,  ')X  nonplasclc  flnea. 

'  r  .>  w  n 

'•■'t  "  inviar  to  '  SAND  layer  aoove  SW-SM) 


"t**  •»  VT  rxlTTM  Lt*l!i*>i  o*  SA«»£*  OS  CO*t  L 

arc  -«M0v£*r  jujfM  o#  simef 
•OO  L£  •riTW  or  v»^<0  L-jen?  >«  ■  «  /  lIMOTn  co»to  % 
1  se*.  ■»  $eoo»  yu»  f 
■  ^*«tNjTvewo  SAvn.O 

1  SHfLBT  ■  *C  -C-0C*<1GN 

.  *  -  «  nffi  e-VX  .  R  e-n-Mf  a 

-O-  oar  maces  _•*  at 


*  e- E  va  l tat  ion  -:f  s:  :?t  jn  tue 

LCUER  SAN  Ff  NANDO  0AM 
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BORING  LOCATION  .  503  nfa  GROUNO  ELEVATION  I 

INCLINATION  yrtuii  BEARING  na  TOTAL  OEPTH  (FT). 
CASING  10  sat  u«*d  CORE  SIZE  ha  GROUNDWATER  EL.. 


EL  OEPTH 

I  TYPE 
and 

Na 


DAT*  start/finirh  t/iom  /  Sill 


.  DATE  ■  LOGGED 


ro.  6  or  8 


SOIL  AND  ROCK  DESCRIPTIONS 


S27  |  20  24  17 

25 


Sea  previous  pane. 


SILTY  SAND,  narrowly  graded  fine  aand  **30X  nonplascic 
fines,  brown  and  olive  gray  <SM) 


29-Top  S’*  :  SAND,  widely  graded  coarse  co  fine  sand,  ^CX  gravel  up  to 
)rl" .  ■'•I  OX  nonpLastlc  fines,  brown  (SW-SM) 

5oc  6"  Freshly  broken  weathered  gravel 


SAND,  widely  graded  coarse  co  fine  aand,  ^ 1 0X  gravel  up  co 
,  ^I0X  nonplaaclc  fines,  brown  (SW-SM) 


S31  U  24  14 


S31-Top  S"  ■  SANDY  SILT,  el.  plasclc  fines,  *OOX  fine  sand,  ollvs 
brown  (ML-SP) 

Boc  9":  SILTY  SAND,  narrowly  graded  ®ed.  to  fine  eand,  ^20X 
nonpieetic  flnee,  *viOX  coarse  sand,  brown  <SM) 


S32-Top  M”:  SILTY  SAND,  narrowly  graded  fine  eand,  ^40X  nonplascic 
fines,  brown  (SM) 

9nt  V  SAND,  narrowly  graded  fine  sand,  \’0X  neU.  sand,  ■vlOX 
"onplaetic  flnee.  brown  tSP-SM' 


SAND,  narrowly  graded,  «ed.  to  fine  aand,  'OCX  nonplsatlc 
rlnea,  bro-n  .SP-SM) 


•'  ■  J  tAMW**  U •  i  HQ  iO  TO  -.•■vt  1  I  O'S  oo  NOTCS 
•  V  -O.  ii.Pwl  “ 

•fw  Twinon  of  uwpvi*  c*  ro*C  e*a»*€L  , 

•tc  •  •e:ovT*»  o»  v*w*vi 

too  u»ijf"  or  wxwo  ctws  >«  •»  /  a  wont  co«to  % 

S  50t.iT  s*oo*  v»mpU  2  s 

•j  »«Osnjp*tO  v* waves 

.s  lst  rv.ee  .d  ockiwi 

.a  •  ri»ee  pi  vow  ^P-»iTtHU» 

•>o- on»at*o  jo  tn 


.  Sar-ole  described  In  Laboratory. 


*e-evaluat:cn  cf  the  slits  in  the 

,WER  San  FEFNANDC  Dam 


oaorecxNiCAJL  dtqixiimoc  Datx  3/10/86 


BORING  LOCATION  Si«  ?•»,  5GROUNO  FLFVAT1ON1NGV0)  DATE  ST/ 

INCLINATION  muui  BEARING  ■„  TOTAL  DEPT*  (FT)  -l  r. _  DRILLED 

CASING  10  Wot  ...a  CORE  SITE  «  GROUNDWATER  EL  ’■»* '  DATE _ ; _  LOGGED 


TYPE  ROWS  PEN 
4*4  PEP 

rr  Hd  6  in  \h 


SOIL  AND  ROCK  DESCRIPTIONS 
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20 


S41  Top  12":  SILTY  SAND,  narrowly  graded  fine  tand,  ***0X  al.  plastic 
fine*.  SI  aea.  sand,  black  (SM) 

3oc  12":  SANDY  CLAY.  nto.  plaadc  flnaa,  ^2$X  very  fire  fane,  black 
(CL)  Several  small  pockeca  of  gray  alley  tand. 


Sandy  CLAY.  si.  co  mod.  plastic  fine*.  %'SX  fine  sand, 
med.  sand,  olack  (CL)  Several  amail  pocgecs  ot  gray  alley 
fine  sand. 


oANDY  CLAY.  al.  co  aod.  plaaeic  fines.  »20X  aeo.  co  tme 
tend,  meetly  fine,  olive  gray  (CL)  Sand  concenc  decreases 
and  pleeclctcy  increeaea  with  depth. 


$L6-Top  6" 
Sot  r* 


SILTY  SAND,  narrow lv  graded  fine  »ano.  *“«OX  non  to  al. 
plastic  tinea,  orown  mo  olive  gray  (.SM)  Fine.:  concenc 
decreases  with  depth  of  aaaple. 


SL5 -Top  6'':  SILTY  SAND,  narrowlv  graded  fine  sand,  'OCX  nonplaacic 
fines,  olive  grav  (SM) 

Sot  9":  SILTY  SAND,  narrowlv  graded  fine  sand.  ^20X  nonpiaatlc 
flnei,  o.ive  orovn  sM; 


SAND,  narrowlv  graded  neo.  to  tme  sane, 
r'irea.  grav  :• V )  ..eccion  contained  « 
broken  gravei. 

SAND,  wioeiv  graded  coarse  to  fine  sand, 
tinea,  %  X  giavei  uo  to  V  .  brown  -*»■ 


■> 1 1 ore  o :  “Tf.'Oif 


'•t*  nonpiaatlc 
"  p;ece  c:  fresnlv 

I 

X  nonpiaatlc  [ 


Si_0w*  e(  *  «  »r  j  hawwvs  n  jo  *n'*vT4jC^OC 

<,m  ’  j*  jj^p.  /* 

***•  f  noth  Of  U«*i*  .*  CX  RARRf  L 

•tc  efCOviev  jrg’m  0*  y*ej 

»q&  LX,e4*^  tW  jr».o  co»tl  >  *  X  /  LiwafK  cmro  % 

1  ■  5»UT 

v  SAwevcs 

pi  w.at  ci-  vx 
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vootTcaecee  ve-tc. 
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NOTES 
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EXPLORATION  SHAFT 


B . 1  Purpose  and  Scope 

An  exploration  shaft  was  made  through  the  downstream 
hydraulic  fill  shell  of  the  dam  to  perform  the  following  tasks 
at  three  separate  levels  in  the  dam: 

a.  Obtain  undisturbed  samples  using  GEI's  tripod  tube 
sampler . 

u  Perform  field  density  tests. 

c.  Obtain  bag  samples  for  laboratory  testing. 

d.  Map  the  sidewalls  of  the  excavation. 

The  exploration  shaft  was  made  at  Location  111  as  shown 
in  Fig.  5  of  the  main  text.  The  shaft  was  made  at  this  loca¬ 
tion  because  N-values  at  the  base  of  the  hydraulic  fill  shell 
were  more  consistently  low  at  this  location  than  at  other 
locations.  The  centerline  of  the  shaft  was  located  12  feet 
north  (upstream)  of  SPT  boring  Sill. 

The  excavation  and  backfilling  of  the  shaft  was  performed 
by  Zamborelli  Drilling  Company,  Inc.  of  Los  Angeles,  Cali¬ 
fornia.  All  sampling,  testing,  and  mapping  was  performed  bv 
GEI  from  November  26  through  December  20,  1985. 

Explorations  were  performed  in  the  shaft  within  Zones  2, 
3,  and  5  of  the  hydraulic  fill  shell  shown  in  Fig.  9.  The 
elevation  ranges  for  explorations  in  each  zone  were  as 
f ol lows : 

Zone  Exploration  Elevation 

_ Range,  ft 


3  1  0  3  A  - 1  )  3  0 

5  i  n  i  p  - 1  o  i  n 


The  ground  surface  elevation  3f  'be  shat:.  i  i  .• 

El.  1097.5. 

A  total  of  44  undisturbed  ...ube  samples  were  oh'  a  i pen  f  r otn 
the  shaft  using  GEI's  tripod  sampler.  A  total  ->f  *  2  field 


density  tests  were  performed  using  sand  cone  techniques. 
Approximately  2,500  pounds  of  bag  samples  were  obtained  from 
the  shaft.  Bag  samples  were  obtained  from  the  same  layers  in 
which  tripou  tube  samples  were  taken  and  field  density  tests 
were  performed.  Bag  samples  from  a  particular  layer  were 
later  mixed  at  GEl's  laboratory  to  form  batch  mixes  for 
laboratory  testing. 

B . 2  Shaft  Advancement  Procedure 

The  shaft  was  excavated  using  a  caisson  drilling  rig  with 
a  6 -foot-di  ame  ter  auger.  The  sidewalls  of  the  shaft  were  sup¬ 
ported  with  6-foot-diameter  steel  casing. 

The  excavation  was  advanced  using  an  auger  to  approxi¬ 
mately  1.5  feet  above  each  sampling  level.  The  casing  was 
then  lowered  to  the  bottom  of  the  excavation  and  fixed  at  the 
ground  surface  with  two  steel  I-beams  to  prevent  further 
penetration.  The  contractor  hand  excavated  to  within  2  to 
3  incl  es  of  the  desired  sampling  depth.  While  hand  excavating 
to  the  top  of  the  sampling  level,  one-quarter  circles  of 
plywood  were  placed  on  the  lottora  of  the  test  shaft  so  as  not 
to  disturb  the  underlying  layers.  The  last  few  inches  were 
hand  excavated  by  GEl's  field  engineers.  A  pilot  excavation, 
one  quarter  of  the  shaft  bottom  area,  was  hand  excavated 
approximately  1.0  foot  below  the  sampling  depth.  This  pilot 
excavation  was  used  to  identify  soil  layers  prior  to  the  start 
of  sampling  so  that  sampling  and  field  density  tests  would  be 
performed  within  a  defined  layer.  Once  the  remaining  three 
quarters  of  the  shaft  bottom  was  leveled  and  smoothed, 
sampling  and  field  density  testing  as  performed  until  the 
area  was  depleted.  Details  of  tripod  tube  sampling  md  field 
density  testing  are  presented  in  Sections  5,3  and  B.4,  respec¬ 
tively.  Hand  excavating,  samp'  ing,  and  testing  continued  in 
ip  proximo  tely  1  toot  vertical  increments  to  t  he  bottom  of  the 
ar.pl  i  ng  level. 

'dipt  the  bottom  of  the  sampling  1  eve  1  was  reached,  "he 
mb  1  o.  if  be  expo°en  layers  be!  <w  the  cas  ’  ng  were  mapped, 

•:  ill  -  tooling  and  r.<st  ing  was  comp  1  c  ten ,  r',.e  casino  was 

■  i  i  n  i  i  the  s  r;a  t  t  was  a  ivanced  with  asters  to  the  next 


12-inch  perforated  steel  casing  that  penetrated  approximately 
6  inches  below  the  bottom  of  the  drain.  Inside  the  12-inch 
perforated  casing,  a  small  submersible  pump  was  used  to  remove 
che  water. 

After  sampling,  testing,  and  mapping  were  completed,  the 
steel  casing  was  removed  and  the  test  shaft  backfilled  with  a 
4,000  psi  concrete  mix  to  1  foot  below  the  ground  surface. 
During  the  backfilling,  the  concrete  mix  was  poured  through  a 
hopper  connected  to  a  15-foot-long  hose  centered  over  the 
shaft . 

B . 3  Undisturbed  Tripod  Tube  Sampling 

Forty-four  undisturbed  tripoci  tube  samples  were  obtained 
using  GEI's  tripod  sampler.  Tripod  tube  sample  data  is  pre¬ 
sented  in  Table  B1 .  A  photograph  of  the  GEI  tripod  tube 
sampler  is  shown  in  Fig.  B1 .  Sampling  tubes  were  3.0-inch 
O.D.,  14-inch-long  thin-walled  galvanized  steel  tubes.  Each 
tube  was  machined  to  have  approximately  zero  clearance  ratio, 
as  defined  in  Table  B1  .  Precise  measurements  showed  that 
actual  clearance  ratios  ranged  from  -0.01%  to  0.01%. 

All  hand  excavating  and  sampling  was  performed  while 
standing  on  one-quarter  circles  of  plywood  so  as  not  to 
disturb  the  underlying  soils.  The  remaining  three  quarters  of 
the  soil  surface  was  leveled  prior  to  sampling  and  testing. 

The  locations  of  tripod  tube  samples  at  each  sampling  level 
are  shown  in  Figs.  B2  to  B4.  An  effort  was  made  to  obtain 
samples  consisting  of  predominantly  one  soil  type.  This  was 
done  by  starting  the  sampling  at  the  top  of  a  soil  layer. 

The  tripod  sampler  shown  in  Fig.  B1  was  used  to  maintain 
the  sampling  tube  in  vertical  alignment  during  advancement. 

The  tube  was  advanced  in  increments  of  about  1 /2-inch  by  using 
no  more  than  light  hand  pressure.  About  1/2  to  1  inch  of  soil 
around  the  periphery  of  the  tube,  below  the  cutting  edge,  was 
excavated  prior  to  advancement  of  the  tube.  This  pre¬ 
excavation  allowed  soil  to  easily  peel  away  from  the  tube  as 
it  was  advanced  and  minimized  volume  changes  during  sampling. 
Several  hours  of  effort  were  required  to  obtain  each  sample. 

Derailed  measurements  of  tube  penetration  and  soil  reco¬ 
very  were  made  during  advancement  of  the  tube.  These  measure¬ 
ments  are  included  in  Table  B1 .  Soil  volume  changes  which 
occurred  during  sampling  were  computed  based  on  these  measure¬ 
ments. 


B . 4  Field  Density  Tests 


Twelve  field  density  tests  were  performed  in  the  shaft 
using  sand  cone  techniques.  The  test  procedure  was  in  accor¬ 
dance  with  ASTM  D1 556-82,  "Density  of  Soil  In  Place  by  the 
Sand-Cone  Method."  A  summary  of  field  density  test  results  is 
presented  in  Table  B2. 

At  least  one  field  density  test  was  perfonueu  on  each 
layer  in  which  tripod  tube  samples  were  obtained  (except  one 
layer).  An  attempt  was  made  to  centrally  locate  each  field 
density  test  with  respect  to  the  tube  samples.  The  locations 
of  field  density  tests  are  shown  on  the  sampling  location 
plans  in  Figs.  B2  to  B4.  An  effort  was  made  to  perform  field 
density  tests  in  one  soil  layer.  However,  virtually  every 
layer  encountered  was  intensely  stratified.  Representative 
samples  of  material  were  taken  adjacent  to  the  field  density 
test  locations  for  compaction  testing  in  the  laboratory. 

B . 5  Wall  Mapping 

Mapping  of  the  exposed  sidewalls  below  the  casing  was 
performed  at  each  exploration  level  to  document  the  stratifi¬ 
cation  of  the  hydraulic  fill. 

Mapping  was  performed  after  tube  sampling  and  field  den¬ 
sity  testing  because  the  largest  amount  of  wall  was  exposed  at 
that  time.  The  upstream  direction  of  the  shaft  was  estab¬ 
lished  and  called  north.  Mapping  started  at  the  bottom  of  the 
casing  and  continued  to  the  bottom  of  the  sampled  level. 

Photographs  of  the  excavation  sidewalls  were  taken  at 
each  level  of  tne  shaft.  Typical  photographs  at  each  level 
are  shown  in  Figs.  B5  to  B7.  These  photos  show  the  intense 
stratification  present  in  the  hydraulic  fill  shell. 


TABLE  B1  -  UNDISTURBED  TRIPOD  TUBE  SAMPLE  DATA 
Lower  San  Fernando  Dam  -  California 
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ZONE  2 


Sample 

Elevation, ( 1 ) 
Top  of  Sample 

ft 

Clearance1'  2 ) 
Ratio 

CR 

Z 

Cumulative 

Penetration 

P 

cm 

Cumulative 
Recove  ry 

R 

cm 

Total ( ^ ) 

AV/V 

Z 

TSI01 

1044.3 

0.000 

10.40 

10.80 

2.44 

18.42 

18.87 

TS  102 

1044.3 

-0.041 

10.41 

10.36 

-0.59 

15.67 

15.59 

TS103 

1044.4 

-0.032 

6.90 

7.08 

1.00 

15.97 

16. 14 

TS104 

1044.4 

0.018 

10.69 

10.  78 

0.21 

11.44 

11.46 

TS  1 05 

1044.5 

-0.096 

9.34 

9.64 

1.39 

14.49 

14.72 

TS106 

1044.4 

0.036 

8.98 

8.99 

1.04 

16.53 

16.69 

TS107 

1044.4 

0.018 

8.49 

8.76 

1.08 

17.32 

17.50 

TS108 

1043.0 

-0.041 

6.02 

5.95 

-0.71 

14.40 

14.31 

TS109 

1042.9 

0.036 

7.83 

7.82 

-0.26 

15.03 

14.98 

TS1 10 

1043.0 

-0.077 

Q  ‘ 

9.43 

-0.81 

lo.  1, 

18.05 

TS  1  11 

1042.9 

-0.018 

10.48 

10.34 

-1 .  30 

16.61 

16.40 

TS1 12 

1042.4 

-0.032 

2.  14 

2.26 

7.29 

7. 50 

1 .  20 

14.  28 

14.46 

Notes:  See  pige  5 
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ZONE  2 


Sample 

Elevation, ( 1 ) 
Top  of  Sample 

ft 

Clearance^ ) 
Ratio 

CR 

2 

Cumulative 

Penetration 

P 

cm 

Cumul ative 
Recovery 

R 

era 

Tot  al ) 

AV/V 

2 

TS1 13 

1042.3 

-0.068 

5.12 

5.35 

9.34 

9.72 

14.83 

15.47 

4.17 

TS1 14 

1042.4 

-0.050 

5.86 

6.  18 

9.49 

9.85 

19,81 

20.27 

2.22 

TS1  15 

1041.2 

-0.004 

8.82 

8.93 

16.05 

16.06 

0.05 

TS1 16 

1041. 1 

-0.041 

8.71 

8.84 

15.58 

15.60 

0.05 

TS117 

1041. 1 

-0.027 

6.03 

6.08 

15.81 

16.02 

1.27 

Z  0  N  E 

2 

TS201 

1032.5 

-0.082 

5. 18 

5.20 

11.16 

11.  16 

24.  18 

24. 1  / 

-0.21 

TS202 

1032.5 

-0.027 

8.37 

8.37 

13.56 

13.56 

23.51 

23.40 

-0.32 

TS203 

1032,5 

-0.004 

10.08 

10.08 

1  5.63 

15.  56 

24.  31 

24.23 

-O.  34 

TS204 

1032. 5 

0 

10.  24 

10.21 

14.64 

1  .  64 

26.  34 

26.21 

-0.  <9 

Notes:  See  page  5 
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TABLE  B 1  -  UNDISTURBED  TRIPOD  TUBE  SAMPLE  DATA 
Lower  San  Fernando  Dam  -  California 


Page  3  of  5 


ZONE  2 


Sample 

Elevation, '  ’■  ' 
Top  of  Sample 

ft 

Clearance^  3 ) 
Ratio 

CR 

X 

Cumul a  t ive 
Penetration 
P 

cm 

Cumulative 

Recovery 

R 

cm 

Total^3) 

AV/V 

X 

TS205 

1032. 5 

-0.050 

12.  11 

12.05 

20. 10 

19.95 

28.91 

28.79 

-0.51 

TS206 

1032. 5 

-0.095 

11.56 

11.52 

15.81 

15.  72 

19.  15 

18.98 

-1.08 

TS207 

1032.5 

-0.055 

9.27 

9.28 

19.72 

19.76 

28.79 

28.79 

-0.  1 1 

TS208 

1031. 1 

0.027 

6.64 

6.67 

14.57 

14.58 

17.01 

17.00 

0 

TS209 

1031.2 

-0.046 

8.67 

8.67 

15.36 

15.28 

17.11 

17.10 

-0. 15 

TS2  iO 

1031.2 

-0.036 

7.  10 

7.08 

14. 14 

14.03 

18.20 

18.11 

-0.57 

TS211 

1030.8 

-0.055 

7.30 

7.41 

11.55 

11.57 

13.41 

13.48 

0.41 

ZONE 

5 

TS301 

1015.2 

0.009 

6. 18 

6. 18 

11.69 

11.  72 

13.8° 

13.91 

0.16 

TS302 

1014.0 

-0.004 

6.  32 

6.35 

17.04 

16.95 

27.  30 

27.07 

-0.85 

Notes :  See  page  5 
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TABLE  B 1  -  UNDISTURBED  TRIPOD  TUBE  SAMPLE  DATA 
Lower  San  Fernando  Dam  -  California 

Page  4  of  5 


ZONE  2 


Sample 

Elevation, ( 1 ) 
Top  of  Sample 

ft 

Clearance^ ) 
Ratio 

CR 

X 

Cumulative 

Penetration 

P 

cm 

Cumulative 

Recovery 

R 

cm 

Total ( 3 ) 

A  V/V 

1 

TS303 

1013.9 

-0.018 

9.39 

9.42 

15.97 

15.93 

19.94 

19.84 

23.01 

22.83 

-0.82 

TS304 

1014.0 

-0.096 

6.46 

6. 44 

11.32 

1  1.24 

16.70 

16.53 

21.55 

21.25 

-1.58 

TS305 

1014.0 

0.018 

5.59 

5.56 

12.20 

12.  11 

16.96 

16.75 

19.79 

19.55 

-1.18 

TS306 

1014.0 

-0.018 

5.73 

5.76 

13.82 

13.78 

21.91 

21.82 

27.20 

27.12 

-0.33 

TS307 

1014.0 

0 

6. 18 

6.16 

12.57 

12.58 

19.28 

19.21 

23.43 

23.32 

-0.47 

TS308 

1014. 1 

0 

8.  10 

8.09 

14.62 

14.  55 

20.40 

20.27 

21.55 

21.41 

-0.65 

TS309 

1014. 1 

0 

7.99 

8.02 

14.02 

13.46 

22.06 

21.91 

26.51 

26.  3! 

— 0 .  7  5 

T  S  3  1 0 

1  O  i  "i  1 

1  V  a  J  .  i 

0.009 

7.61 

7.49 

i  -  - 

i.  .  •  -• 

12.37 

21 .  30 

21.00 

2  6.45 

2  5.09 

-!  .  4  0 

N'otei :  See  page  > 
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TABLE  B 1  -  UNDISTURBED  TRIPOD  TUBE  SAMPLE  DATA 
Lower  San  Fernando  Dam  -  California 


Page  5  of  5 


ZONE  2 


Sample 

Elevation, ( ^ ) 

Clearance^ ) 

Cumulative 

Cumulative 

Tot al ^  ^ ) 

Top  of  Sample 

Ratio 

CR 

Penetration 

P 

Recovery 

R 

AV/V 

ft 

2 

cm 

cm 

2 

TS311 

1013.  1 

-0.014 

3.78 

3.74 

12.48 

12.28 

19,22 

18.87 

-1.85 

TS312 

1013.2 

-0.004 

7.36 

7.35 

15.47 

15.36 

20.56 

20,37 

-0.93 

TS313 

1013.  3 

0.014 

9.07 

9.06 

13.20 

13.17 

18. 19 

18.09 

22.08 

21.92 

-0.70 

TS314 

1013.4 

-0.018 

9.96 

9.78 

15.76 

15.53 

17.68 

17.42 

-1.51 

T  S  3 1  5 

1012.4 

0.009 

8.28 

8.37 

12.27 

12.33 

15.31 

15.33 

0. 15 

TS316 

1012.4 

0.009 

7.58 

7.55 

12.25 

12.23 

-0.15 

Notes : 

(1) 

Elevation  datum 

is  NGVD 

(2) 

Clearance  Ratio 
ID— CE 

CR  =  CE  X 

(CR)  as  defined 

1002 

as : 

Where:  ID  =  inside  diameter  of 

sampling  tube 

CE  =  diameter  of  cutting 

edge  of  sampling  tube 

Negative  values  Indicates  diameter  of  cutting  edge  ic  larger 
than  inside  diameter  of  sampLing  tube 


O) 


Change  in  volume  during  sampling  (AV/V)  is  defined  as: 


AV/V 


x  100  (in  percent) 


Where:  OR  =  clearance  ratio  of  sample  tube.,  defined  above . 

R  =  gross  recovery 
p  =  penetration  length 

Positive  values  i ndicnfe  sample  expansion;  negative  values 
indicate  sample  compression. 
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TABLE  B2  -  SUMMARY  OF  FIELD  DENSITY  TESTS 
PERFORMED  IN  EXPLORATION  SHAFT 
Lower  San  Fernando  Dam 


Field 
Density 
Test  No. 

Depth , 
Top  of 
Layer 

ft 

Elevation , 
Top  of 
Layer 

ft,  NGVD 

Field  Measurements^) 
Water  Dry  Unit  Void 

Content  Weight,  yg  Ratio 

2  pcf  (2) 

Es  t ioat ed 

Ae  Due 
to  Swell 

(3) 

Es  t imat  ed 
In  situ 
Void  Rati 
in  2985 
(4) 

101 

53.2 

1044.3 

10.0 

97.3 

0.719 

-0.017 

0.  702 

102 

54.6 

1042.9 

33.3 

91.  1 

0.856 

0 

0.856 

103 

55. 1 

1042.4 

8.2 

108.0 

0.542 

-0.017 

0.525 

104 

56.4 

1041.1 

16. 1 

95.8 

0.746 

-0.017 

0.  729 

201 

65.0 

1032.5 

14.8 

93.3 

0.785 

-0.016 

0.769 

202 

66.3 

1031.2 

12.  7 

94.  y 

0.  762 

-0.018 

0.  744 

203 

66.3 

1031.2 

13.2 

93.9 

0.781 

-0.018 

r\  -t  r  ^ 

U.  /  O  J 

301 

83.5 

1014.0 

26.2 

98.6 

0.702 

-0.026 

0.676 

302 

84.4 

1013.  1 

27.4 

96.7 

0.736 

-0.032 

0.704 

303 

84.4 

1013.  1 

26.0 

98.1 

0.711 

-0.032 

0.679 

304 

84.4 

1013.  1 

27.9 

95.8 

0.  752 

-0.032 

0,720 

305 

85.? 

1012.3 

23.8 

100,7 

0.667 

-0.028 

0.639 

Notes : 

1)  Field  density  tests  were  performed  using 

sand 

cone  techniques,  ASTM  D1556. 

Density  and  water  content  measurements  are  for  the  fraction  passing  the 
No.  4  sieve. 

2)  Void  ratio  based  on  specific  gravity  measurements  of  batch  mix  from  the 
same  elevation.  Void  ratio  not  corrected  for  swell  at  base  of  exploration 
shaf  t . 

3)  Void  ratio  changes  due  to  swell  of  soils  at  the  base  of  the  exploration 
shaft  were  estimated  using  procedures  described  in  Section  4.2.1  and 
Table  5  of  the  text. 

4)  Corrected  for  estimated  swell  at  base  of  exploration  shaft. 


Geotechnical  Engineers  Inc. 


Project  8  5669 
January  ! 5 ,  ! 988 


over  San  Fernanao  Dam 
r.  }  e  rr.a  nc;c  . 


L'ovns  L  r  e  ar. 


-.‘ii.  o-  uXpioraiior.  ina It  *n 


Hvarau;:c  rill  C h e  1 i 


larKo:  layers  correspond  sandy  s  * ]  1  s  a 
and  li  s?  r;  ter  coiorec  soils  are  sancs  and  c 


EL  1035.3 


F.e-eva  iuation  o: 
Lower  San  Fernanao  Lam 
San  Fernando.  California 


GEOTECHNICAL  ENGINEERS  INC 

A^JCMFSTf=-  •  MASSACHUST”f 


PHOTOGRAPH  OF 
lEXPLCRATION  SHAFT  WALL  - 
_ ZONE  : _ 


Proiect  PS669 


-  EL  1032.3 
NGVP 


Downstream  Wall  of  Exploration  Shaft  In  Zone  3  of 
Hydrau’ic  Fill  Shell 


Darker  layers  correspond  to  sandy  silts  and  clays, 
and  lighter  colored  soils  are  sands  and  silty  sands. 


-  EL  1015.0 


EL  1012.7' 
NGVD 


Downstream  Wall  of  Exploration  Shaft  in  Zone  5  of 
Hydraulic  Fill  Shell 


Darker  layers  correspond  to  sandy  silt6  and  clavs, 
and  lighter  colored  soils  are  sands  and  silty  sands. 


mv  Corps  of  Engineers 

icksburg.  Mississippi 


Re-eva i ua t icn  c: 
Lower  San  Fernanoo  Dam 
Sar.  Fernanco.  California 


PHOTOGRAPH  C 
EXPLORATION  SHAFT 
CONE  5 


GEOTECHNICAL  ENGINEERS  INC 

T  t-  •  MAS.SACet.ftf  ’_r,r 


Project  P5669 


;  98  7 


WA 


r  • 
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IN  SITU  VOID  RATIO  CHANGES 
OF  CRITICAL  LAYER 


C. 1  Introduction 

Undisturbed  samples  of  the  critical  layer  of  th^ 
hydraulic  fill  shell  on  the  downstream  side  of  the  dam  '..-ere 
obtained  in  1985.  The  void  ratio  and  strength  of  these 
samples  represent  1985  conditions.  Thus  it  became  necessary 
to  estimate  the  void  ratio  changes  that  took  place  in  the  cri¬ 
tical  layer  between  the  time  of  the  earthquake  in  1971  and  the 
time  of  sampling  in  1985.  These  void  ratio  changes  were  then 
used  to  estimate  steady  state  strengths  of  the  critical  layer 
soils  on  the  downstream  side  immediately  before  the  1971 
earthquake.  The  1971  void  ratios  of  critical  layer  soils  on 
the  upstream  side  ot  tne  dam  would  be  expected  to  be  higher 
than  the  1971  void  ratios  of  the  critical  layer  soils  on  the 
downstream  side.  This  is  because  the  critical  layer  on  the 
upstream  side  was  under  a  lower  sustained  effective  stress  due 
to  the  presence  of  the  reservoir  and  the  fact  that  the 
downstream  slope  was  under  additional  load  from  the  1930  and 
1 940  berms.  The  estimated  difference  in  void  ratio  between 
the  upstream  and  downstream  critical  layers,  in  conjunction 
with  strength  data  obtained  for  the  downstream  critical  layer, 
were  used  to  estimate  the  steady  state  strength  of  the 
upstream  critical  layer  which  actually  participated  in  the 
1971  flow  slide. 

The  Los  Angeles  Department  of  Water  and  Power  (LADWP) 
made  detailed  vertical  and  horizontal  movement  surveys  of  the 
embankment  and  groundwater  observation  well  readings  between 
1929  and  1985.  These  excellent  data  were  essential  for  esti¬ 
mating  the  void  ratio  changes  which  took  place  in  the  critical 
layer  on  the  downstream  side  of  the  dam  after  the  1971  earth¬ 
quake  and  for  estimating  differences  between  upstream  and 
downstream  void  ratios. 

The  movement  and  observation  well  data  were  analyzed  to 
develop  a  general  understanding  of  the  behavior  of  the  down¬ 
stream  section  of  the  dam  prior  to,  during,  and  after  the  1971 
earthquake.  Then  the  pertinent  data  were  used  to  evaluate 
void  ratio  changes  in  the  critical  layer.  The  plots  presented 
in  the  subsequent  sections  of  this  Appendix  were  prepared  bv 
GEI  from  the  LADWP  field  survey  sheets. 


C.2  Movement  and  Settlement  Data 


C . 2 . 1  General 

The  LADWP  made  detailed  measurements  of  the  ver¬ 
tical  and  horizontal  movements  of  the  dam  starting  in 
1929.  Five  survey  lines  were  established  at  the  loca¬ 
tions  shown  in  Fig.  Cl.  Vertical  and  horizontal  move¬ 
ments  of  about  110  points  were  measured  at  least  6  times 
a  year  and  sometimes  12  times  a  year  up  until  the  1971 
earthquake.  Measurements  were  continued  on  a  frequent 
basis  for  a  period  of  about  one  year  after  the  1971 
earthquake.  The  interval  between  measurements  was 
reduced  to  one  year  starting  in  1974. 

Undisturbed  samples  of  the  critical  layer  on  the 
downstream  side  of  the  dam  were  obtained  at  two  loca¬ 
tions:  the  exploration  shaft  and  undisturbed  sample 

borings  at  Location  111  and  undisturbed  sample  boring  at 
Location  103.  Thus  the  movement  data  analyzed  correspond 
to  sections  passing  through  these  two  locations. 

C . 2 . 2  Movements  Measured  Immediately  After  the  1971 
Earthquake 

Plots  of  vertical  and  horizontal  movements  at 
Stations  5+00  and  9  >-00  between  December  30,  1970  (before 
the  earthquake)  and  both  February  13  and  May  12,  1971 
(after  the  earthquake)  are  shown  in  Figs.  C2  and  C3. 

These  plots  show  that  almost  all  of  the  movements 
measured  in  the  three-month  period  following  the  earth¬ 
quake  occurred  during  the  four-day  period  following  the 
earthquake.  The  vertical  and  horizontal  movements 
measured  on  February  13,  1971  were  combined  and  are  shown 
as  vectors  in  Figs.  C4  and  C5  for  Stations  5+00  and  9+00, 
respectively. 

Examination  of  Figs.  C2  through  C5  indicates  the 
following  patterns  of  movement  of  the  downstream  slope  as 
a  result  of  the  1971  earthquake: 

a.  The  downstream  toe  of  the  dam  did  not  move  appre¬ 
ciably  as  a  result  of  the  earthquake. 

b.  There  was  no  bulging  of  the  downstream  slope. 

c.  Downstream  of  point  3  at  Sta  5+00  and  Sta  9+00, 
the  horizontal  components  of  the  movements  were  in 
the  downstream  direction.  Upstream  of  this  point, 


and  close  to  the  scarp,  horizontal  movements  were 
in  the  upstream  direction,  reflecting  proximity  to 
the  scarp  left  by  the  upstream  slide. 


d.  Downstream  of  point  5  at  Sta  5+00  and  point  6  at 
Sta  9+00,  the  rate  of  change  of  horizontal  move¬ 
ments  indicated  horizontal  compression,  while 
upstream  of  these  points,  there  was  horizontal 
ext  ens ion. 

e.  The  settlements  increased  gradually  in  the 
upstream  direction  starting  approximately  from 
zero  at  the  toe.  However,  they  increased  rapidly 
upstream  of  the  point  that  separates  horizontal 
compression  from  horizontal  extension,  i.e.  , 
point  5  at  Sta  5+00  and  point  6  at  Sta  9+00, 

Figs.  C 2  and  C3. 

It  can  be  concluded  from  the  above  observations 
that  downstream  of  about  points  5  and  6,  the  downstream 
section  of  the  dam  developed  mainly  a  decrease  in  volume 
with  relatively  low  shear  strains.  Upstream  of  these 
points,  the  dam  developed  increasingly  large  shear 
distortions  near  the  scarp  of  the  upstream  slide. 

A  plot  of  vertical  movements  which  occurred  along 
the  downstream  berm  road  (122  feet  south  line)  between 
December  30,  1970  and  May  12,  1971  is  shown  in  Fig.  C6. 
Discussion  of  this  plot  is  presented  in  Section  C.4. 

C.2.3  Long-Term  Movements  Prior  to  and  After  the  1971 
Earthquake 

Plots  of  vertical  and  horizontal  movements  vs. 
time  for  the  measurement  point  located  closest  to  the 
exploration  shaft  are  shown  in  Figs.  C7  and  C8.  This 
measurement  point  on  the  122-foot  south  line,  Sta  6+00, 
was  only  about  15  feet  east  of  the  shaft.  The  following 
are  comments  related  to  the  vertical  movement  plot  shown 
in  Fig .  C7 : 

a.  The  August  30,  1930  earthquake  caused  a  little 
over  0.1  foot  of  settlement. 

b.  The  relatively  faster  rate  of  settlement  for  the 
few  years  after  the  1930  earthquake  may  be  due  to 
the  effects  of  the  1930  earthquake,  raising  of  the 
embankment  to  its  final  height  and/or  placement  of 
the  blanket  on  the  downstream  slope  between  1929 
and  1930. 


c.  Placement  ->f  the  1940  berm  on  the  downstream  slope 
caused  s>  dement  of  about  0.12  feet  between  the 
time  of  cement  and  1943. 

d.  The  rate  of  settlement  between  about  1943  and  the 
time  of  the  1971  earthquake  was  approximately 
constant  at  about  0.005  feet  per  year. 

e.  The  1971  earthquake  caused  a  relatively  large 
settlement  to  occur. 

f.  Settlements  continued  after  the  1971  earthquake  up 
to  the  time  of  soil  sampling  in  1985.  Note  that 
dam  reconstruction  was  done  in  the  upstream  sec¬ 
tion  of  the  dam,  and  thus  had  no  effect  on  settle¬ 
ments  on  points  along  the  downstream  berm.  These 
settlements  are  discussed  in  more  detail  later. 

The  horizontal  movements  of  the  same  measurement 
points  (Fig.  C8)  have  the  same  pattern  as  the  vertical 
movements,  except  after  the  1971  earthquake.  After  the 
1971  earthquake,  with  the  reservoir  empty,  lateral  move¬ 
ments  essentially  stopped  whereas  settlements  continued. 
Note  that  the  scatter  is  larger  in  the  horizontal  move¬ 
ment  data  than  in  the  settlement  data,  reflecting  more 
accuracy  in  the  measurement  of  settlement. 

Plots  of  vertical  and  horizontal  movements  vs. 
time  for  the  measurement  point  located  closest  to 
Location  103  (Measurement  Point  at  Sta  9+00  on  the 
122-foot  South  Line)  are  shown  in  Figs.  C9  and  CIO.  The 
vertical  and  horizontal  movement  data  for  this  point 
follow  the  same  pattern  as  that  for  the  point  located  300 
feet  east.  This  indicates  chat  the  behavior  of  the 
downstream  slope  was  consistent  over  substantial  horizon¬ 
tal  distances. 

Vertical  movements  vs.  time  for  Points  16  and  24 
on  the  5+00  line  are  shown  in  Figs.  Cl  1  and  C12.  These 
points  are  located  downstream  of  the  exploration  shaft. 
Point  16  is  located  on  the  berm  over  the  toe  of  the  ori¬ 
ginal  dam  section.  Point  24  is  located  at  the  roe  of  the 
dam.  Point  16  indicates  settlement  after  construction  of 
the  berm  and  significant  settlement  due  to  the  1971 
earthquake.  The  vertical  movement  of  Point  24  was  essen¬ 
tially  zero  over  the  time  it  was  monitored  between  1949 
and  1975,  indicating  negligible  settlements  of  the  foun¬ 
dation  soils  at  the  toe  of  the  dam. 


Expanded  plots  of  settlement  vs.  time  immediately 
after  the  1971  earthquake  for  points  near  Locations  103 
and  111  are  shown  in  Fig.  Cl  3.  These  plots  show  that 
relatively  large  settlements  occurred  in  the  four  days 
after  the  earthquake  (February  9-13).  The  settlement 
rate  decreased  with  time  in  the  five  months  following  the 
earthquake  (up  to  about  July  1,  1971).  The  settlement 
rate  became  approximately  constant  prora  July  1,  1971  to 
1 985  (Figs.  C7  and  C9) . 

C.3  Groundwater  Data 


The  LADWP  provided  GEI  with  groundwater  elevation 
measurements  from  numerous  wells  in  the  embankment.  Two  of 
these  wells,  641  and  64J ,  are  shown  in  Fig.  Cl.  Well  641  was 
the  closest  to  the  exploration  shaft  location.  The  bottom  of 
each  well  penetrated  the  1971  phreatic  surface  by  only  a  few 
feet  as  shown  in  Fig.  C14.  The  tip  of  641  was  close  Co  the 
boundary  between  Zones  1  and  2  of  the  hydraulic  fill  (see 
Figs.  9  and  10  in  main  text). 

Groundwater  elevations  vs.  time  in  Wells  641  and  64J  are 
shown  in  Figs.  Cl  5  and  C16.  Data  from  each  well  is  discussed 
below. 

Well  641  -  The  bottom  of  this  well  was  located  at 
El.  1 05 3 ,  about  31  feet  above  the  critical  layer.  Groundwater 
elevations  in  this  well  rose  about  1  foot  after  the  earth¬ 
quake,  but  this  rise  occurred  ove.  a  period  of  several  weeks. 
The  rise  may  be  due  to  excess  pore  pressure  generated  as  a 
result  of  earthquake  shaking,  but  it  is  more  likely  due  to  the 
fact  that  after  the  failure,  the  reservoir  was  closer  to  the 
well  for  a  short  time  after  the  failure. 

The  reservoir  was  essentially  empty  about  1.5  months 
after  the  earthquake.  However,  the  groundwater  level  in 
Well  641  remained  above  its  normal  level  for  about  5  months 
after  the  earthquake  (up  to  about  June  1,  1971). 

Groundwater  levels  in  Well  641  decreased  at  a  rate  of 
about  1  foot/year  until  it  became  dry  in  November  1973.  In 
1985,  the  groundwater  level  in  the  exploration  shaft,  near 
Well  641,  was  near  the  base  of  the  embankment,  as  shown  in 
Fig.  Cl  4 . 

Well  64 J  -  The  bottom  of  this  well  was  located  near  the 
base  of  the  hydraulic  fill  at  about  El.  1017.  This  elevation 
is  close  to  the  top  of  the  critical  layer.  Water  level  in  the 
well  was  about  3  feet  higher  than  normal  on  the  day  after  the 
earthquake.  The  water  elevation  decreased  to  its  pre¬ 
earthquake  level  in  a  period  of  about  one  month.  Water  levels 
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in  64J  decreased  at  a  faster  ate  than  water  levels  in  Weil 
641.  probably  because  of  its  proximity  to  the  downstream 
drain. 

C . 4  Void  Ratio  Changes  in  Critical  Laver  Due  to  1971 

Earthquake 

The  1971  earthquake  caused  generation  of  excess  pore 
pressures  in  at  least  some  of  the  soils  in  the  downstream  sec¬ 
tion  of  the  dam  located  below  groundwater  level.  The  obser¬ 
vations  in  Well  641  indicate  that  negligible  pore  pressures 
developed  in  Zone.  1  and  2  of  the  hydraulic  fill.  The  obser¬ 
vations  in  Well  64J  indicate  that  excess  pore  pressure  did 
develop  in  the  lower  part  of  the  hydraulic  fill  followed  bv 
reconsolidation  after  the  earthquake.  The  reconsolidation  is 
assumed  to  have  manifested  itself  as  settlements  at  the  sur¬ 
face  of  the  downstream  slope  and  horizontal  compression  of  the 
downstream  section  of  the  dam,  except  for  the  zone  near  the 
slice  scarp  which  developed  horizontal  stretching. 

For  the  purpose  of  our  investigation,  it  is  necessary  to 
estimate  the  void  ratio  changes  which  took  place  after  1971  in 
the  critical  loose  layer  where  undisturbed  samples  were  taken. 
These  changes  would  then  be  used  to  correct  the  1985  void 
ratios  of  undisturbed  samples  to  pre-1971  earthquake  void 
ratios.  Undisturbed  samples  were  taken  below  the  location  of 
the  berm  road  on  the  downstream  slope.  At  this  location,  the 
downstream  section  of  the  dam  was  subjected  to  both  vertical 
and  horizontal  compression.  Virtually  all  of  the  horizontal 
movements  occurred  within  about  one  month  after  the  earthquake 
when  there  was  still  water  in  the  reservoir.  Subsequently, 
when  the  reservoir  was  empty,  the  horizontal  movements  stopped 
and  only  vertical  movements  were  observed. 

For  analysis  purposes,  we  considered  separately  two 
phases  of  the  consolidation  of  the  critical  layer  soils  on  the 
downstream  side  of  the  dam  after  the  1971  earthquake: 

1.  Consolidation  due  to  dissipation  of  excess  pore 
pressures  generated  during  earthquake  shaking, 
discussed  in  this  section. 


2.  Consolidation  due  to  the  increase  in  effective 
stress  caused  by  the  permanent  lowering  of  the 
reservoir  (Section  C.5). 

The  groundwater  level  at  the  location  of  the  downstream 
berm  road  started  dropping  below  its  pre-earthquake  level 
about  five  months  after  the  earthquake  (Fig.  Cl  5).  This 
corresponds  to  the  time  when  the  settlement  rate  became 
approximately  constant  (Fig.  Cl  3).  Therefore,  settlements 


which  iccurred  in  the  first  five  months  after  the  earthquake 
probably  are  main lv  due  to  dissipation  of  excess  pore 
pressures  generated  by  t h e  earthquake,  and  those  which 
occurred  after  that  time  can  be  assumed  to  oe  due  to  general 
groundwater  lowering  below  pre-earthquake  levels. 

Void  Ratio  Changes  at  Location  111  -  The  sett1 -..-'nr.  of 
the  ground  surtace  at  Location  111  in  the  first  five  months 
after  the  earthquake  was  0.46  foot  ('Fig.  Cl  3).  Analyses  were 
performed  to  estimate  what  part  of  the  0.46  foot  of  settlement 
occurred  in  the  1 5 - foo t - th i ck  critical  laver  at  the  base  of 
the  hydraulic  fill,  so  that  the  void  ratio  change  of  this 
laver  could  be  estimated. 

The  volume  change  of  each  lever  below  groundwater  level 
due  to  dissipation  of  pore  pressure  generated  by  cyclic 
loading  is  related  to  the  maximum  cyclic  strain  which  occurred 
in  the  Laver  during  cyclic  loading.  Castro  •'  1  98  7)  Iras  sum- 
mar  reed  laboratory  test  iata  relating  the  volumetric  strain  of 
saturated  sand  and  silt  samples  ;;o  the  maximum  cyclic  shear 
strain  experienced  hv  the  samples  (Fig.  Cl  7).  The  hand 
labeled  Mo.  3  in  Fig.  Cl  7  represents  data  from  tests  performed 
on  samples  from  Location  111  and  reported  in  Appendix  F, 
Section  F.4.7.  Castro  (1987)  has  also  summarized  laboratory 
test  data  relating  the  volumetric  strain  of  drained  sands  to 
the  maximum  cvclic  shear  strain  experienced  by  the  samples 
(Fig.  Cl  8)  . 

The  soil  profile  at  Location  111  is  shown  in  Fig.  Q. 
Groundwater  level  prior  to  the  earthquake  was  about  El.  1060 
at  this  location.  For  analysis  of  sands  below  groundwater 
level,  the  correlations  between  volumetric  strain  and  cyclic 
shear  strain  shown  in  Fig.  Cl  9  were  used.  For  sands  above 
groundwater  level,  the  hatched  line  in  Fig.  CIS  was  used. 

The  maximum  cyclic  shear  strain  in  each  layer  of  the  soil 
profile  which  occurred  during  the  1971  earthquake  was  esti¬ 
mated  using  a  SHAKE  analysis.  Details  of  the  analysis  are 
presented  in  Appendix  F.  A  plot  of  maximum  cyclic  shea: 
strain  "S.  depth  is  shown  in  Fig.  E2 .  The  maximum  cvclic 
shear  strain  at  the  raid  height:  of  each  zone  of  the  soil  pro- 
f i 1 e  b a s e d  o n  t h e  S H AK E  a n a lysis  is  p r e s e n t e d  in  Table  C 1  . 

Each  zone  of  the  Location  11  1  soil  profile  >  Fig .  '■>  •  was 
cias^ii.  ied  ns  ’  rose ,  medium,  or  dense  based  on  average  M- 
v a  lues  in  the  zones.  The  maximum  cyclic  shear  strain  and  Jen- 
si.lv  elassi  f  ieat  ion  of  each  zone  was  used  to  obtain  a 
volumetric  strain  for  the  zone  after  reconsolidation  using  'he 
correlations  in  Figs.  Cl  8  and  Cl  9.  'The  thickness  of  each  zone 
was  multiplied  hv  the  computed  volumetric  strain  in  the  zone 
to  obtain  settlements.  The  volumetric  strain  and  computed 
settlement  for  each  zone  are  presented  in  Table  Cl. 
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The  summation  of  settlements  of  each  zone  for  the  above 
analyses  was  0.51  foot  which  is  very  close  to  the  measure! 
value  of  0.46  foot.  The  agreement  in  total  settlement  is 
somewhat  fortuitous,  since  several  interpretations  of  the 
correlations  in  Fig.  C 1 8  and  C 1 9  can  he  made.  However,  the 
more  significant  result  is  that  about  49%  of  the  0.51  foot  of 
computed  settlement  occurred  in  Zone  5,  the  critical  Laver. 

The  above  analyses  was  repeated  using  several  positions  for 
the  loose,  medium,  and  dense  curves  shown  in  Fig.  C19. 

Computed  settlements  were  different  than  0.51  foot,  but  the 
percentage  of  the  total  settlement  which  occurred  in  Zone  5 
was  about  49%  in  all  cases.  Therefore,  the  actual  height 
change  of  Zone  5  was  about  49%  of  0.46,  or  about  0.23  foot. 

The  void  ratio  change  of  Zone  5  soils  due  to  dissipation 
of  excess  pore  pressures  after  the  earthquake  was  computed 
using  the  following  equation  (one-dimensional  settlement): 

Ae i  1  ( 1 +e0 ) 

H 

where  Aei  =  void  ratio  change  in  Zone  5  due  to  dissipa¬ 
tion  of  excess  pore  pressures 

AHi  =  settlement  of  Zone  5  due  to  dissipation  of 
excess  pore  pressures,  equal  to  about 
0.23  foot  at  Location  111 

H  =  thickness  of  Zone  5,  equal  to  15  feet  at 
Location  1 1 1 

eQ  =  initial  void  ratio  of  soil  in  Zone  5 

Computed  values  of  Aei  for  undisturbed  samples  from 
Location  111  are  shown  in  Table  3  in  the  main  text.  For  a 
typical  initial  void  ratio  of  0.7,  the  void  ratio  change.  Ae] , 
is  equal  to  0.026. 

The  above  analysis  neglects  the  horizontal  compression 
developed  in  the  hydraulic  fill  after  the  earthquake.  An 
estimate  of  the  horizontal  compression  in  the  critical  layer 
was  made,  resulting  in  void  ratio  changes  of  0.001  to  0.002. 
These  void  ratio  changes  result  in  changes  in  estimated 
in  situ  steady  state  strength  of  only  a  few  percent  and  thus 
were  neglected. 

Void  Ratio  Changes  at  Location  103  -  Void  ratio  changes, 
Aei,  °f  Zone  5  soils  at  Location  103  were  estimated  using  the 
same  approach  for  estimating  Aei  at  Location  111.  The  esti¬ 
mated  values  of  Aei  at  Location  103  are  also  shown  in  Table  3 
of  the  main  text. 


Settlements  Near  Abutments  -  Settlements  alone,  the 
1  22-foot -south  survey  line  (downstream  berm  road)  which 
occurred  as  a  result  of  earthquake  shakine  are  ^hown  in  che 
upper  part  of  Fig.  C6.  There  is  a  consistent  pattern  of 
settlements  between  Stations  3+00  and  17+00.  The  settlement 
pattern  approximately  reflects  the  pattern  of  the  ground  sur¬ 
face  elevation  changes  below  the  survey  line. 

The  relatively  large  settlements  in  the  vicinity  of 
Station  2+00  are  probably  related  to  an  historical  problem  in 
a  gyp ii m  foundation  layer  on  the  left  abutment.  Based  on 
these  historical  records,  dissolving  of  the  gypsum  by  the 
reservoir  water  gradually  developed  paths  (voids)  for  per¬ 
colating  water  and  resulted  in  excessive  seepage  through  the 
east  abutment.  Grouting  of  these  voids  had  been  performed 
periodically  to  alleviate  the  seepage  problem. 

The  survey  line  along  the  berm  road  is  actually  located  a 
few  feet  upstream  of  the  road  on  the  slope  of  the  embankment, 
presumably  to  prevent  damage  to  the  measurement  points  from 
traffic  along  the  road  (Fig.  Cl).  However,  near  Station  18+00 
to  21+00  the  berm  road  starts  to  climb  towards  the  right  abut¬ 
ment  and  crosses  the  survey  line.  A  possible  explanation  for 
the  shape  of  the  settlement  profile  between  these  stations, 
shown  in  Fig.  C6,  is  that  the  measurement  points  at  Stations 
19+00  and  20+00  may  have  been  disturbed  by  traffic  along  the 
berm  road  in  the  months  following  the  earthquake  when  the 
c rest  road  was  no  longer  available  for  traffic.  Note, 
however,  that  even  though  the  shape  of  the  settlement  profile 
appears  unusual,  the  average  settlement  in  the  Station  18+00 
to  21+00  area  is  consistent  with  the  results  of  an  analysis  of 
the  type  performed  for  Locations  103  and  111. 

C . 5  Void  Ratio  Changes  in  Critical  Layer  Due  to  Groundwater 

lowering 

The  groundwater  level  at  the  location  of  the  downstream 
berm  road  started  dropping  below  its  pre-earthquake  level 
about  five  months  after  the  earthquake  (Fig.  Cl  5). 

Groundwater  well  data  indicate  that  groundwater  levels  at 
the  location  of  the  downstream  berm  road  decreased  at  a  slow 
rate  after  the  reservoir  had  been  completely  emptied.  This  is 
consistent  with  settlement  data  which  indicate  that  settle¬ 
ments  at  Locations  103  and  111  (berm  road)  occurred  gradually 
for  many  years  after  the  earthquake  (Figs.  C7,  C9,  Cl  3). 

Void  Ratio  Changes  at  Location  111  -  The  total  settlement 
of  the  ground  surface  at  this  location  which  occurred  from  the 
time  of  the  1971  earthquake  to  the  time  of  sampling  in  1985 
was  0.63  feet.  About  0.46  feet  of  this  settlement  was  due  to 
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consolidation  as  a  result  of  the  dissipation  of  excess  pore 
pressures  generated  by  the  earthquake  (Section  C.4).  The 
remaining  0.17  feet  of  settlement  was  due  to  consolidation 
which  occurred  as  a  result  of  groundwater  lowering. 

The  soil  profile  at  Location  111  is  shown  in  Fig.  9.  The 
settlement  of  each  soil  zone  due  to  groundwater  lowering  is  a 
function  of  the  compressibility  of  the  zone  and  the  change  in 
effective  stress  within  the  zone. 

Consolidation  curves  from  laboratory  triaxial  tests  were 
used  to  determine  the  compression  index  of  soil  samples. 

These  consolidation  curves  are  presented  in  Appendix  F, 

Figs.  F70  and  F71.  Table  C2  is  a  summary  of  compression  index 
data  for  undisturbed  samples  from  Zone  5,  the  critical  layer, 
for  different  effective  stress  levels. 

The  increase  in  effective  stress  for  each  zone  of  the 
Location  111  soil  profile  was  computed  using  the  pre¬ 
earthquake  and  1985  groundwater  levels.  Each  soil  zone  was 
assigned  a  compression  index  on  the  basis  of  laboratory  con¬ 
solidation  data  and  the  average  effective  stress  in  the  zone. 
Settlements  of  each  zone  were  then  computed  using  the  change 
in  effective  stress  and  compression  index  for  each  zone. 

Table  C3  presents  a  summary  of  settlement  computations. 

The  total  computed  settlement  of  all  soil  zones  at 
Location  111  for  the  above  analysis  was  0.20  feet.  The  com¬ 
puted  settlement  is  close  to  the  measured  settlement  of 
0.17  feet.  About  33%  of  the  0.20  feet  of  computed  settlement 
occurred  in  Zone  5,  the  critical  layer.  Therefore,  we  esti¬ 
mate  that  the  actual  height  change  of  Zone  5  was  about  33%  of 
0.17  feet,  or  about  0.057  feet. 

The  void  ratio  change  of  Zone  5  soils  due  to  groundwater 
lowering  was  computed  using  the  following  equation: 

Ae2  =  A^2  (1+e0) 

H 

where  Ae2  =  void  ratio  change  in  Zone  5  due  to  ground- 
water  lowering 

AH2  =  settlement  of  Zone  5  due  to  groundwater 
lowering,  equal  to  about  0.057  feet  at 
Location  1 1 1 

H  =  thickness  of  Zone  5,  equal  to  15  feet  at 
Location  1 1 1 

e0  =  initial  void  ratio  of  soil  in  Zone  5 
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Computed  values  of  Ae2  for  undisturbed  samples  from 
Location  111  are  shown  in  Table  3  in  Lh_  man*  text.  For  a 
typical  initial  void  ratio  of  0.7,  the  void  ratio  change,  Ae2  , 
is  equal  to  0.006. 

Void  Ratio  Changes  at  Location  103  -  Void  ratio  changes, 
Ae2,  of  undisturbed  samples  from  Location  103  were  estimated 
using  the  same  approach  for  estimating  Ae2  at  Location  111. 

The  estimated  values  of  &&2  ai-  LucaLion  103  are  shown  in 
Table  3. 


C . 6  Void  Ratio  Difference  Between  Upstream  and  Downstream 

Critical  Layer 

Up  to  this  point,  all  estimates  of  void  ratio  changes 
have  reflected  those  which  occurred  in  the  critical  layer  on 
the  downstream  side  between  1971  and  1985.  These  void  ratio 
changes  allow  an  estimate  to  be  made  of  critical  layer  void 
ratios  and  strengths  on  the  downstream  slide  of  the  dam  just 
prior  to  the  1971  earthquake.  It  is  reasonable  to  expect  that 
void  ratios  of  the  upstream  critical  layer  in  1971  were 
greater  than  those  on  the  downstream  side  because  of  two  fac¬ 
tors  : 

1 .  Upstream  soils  had  been  under  a  lower  sustained 
effective  stress  due  to  prolonged  submergence  prior 
to  1971. 

2.  Downstream  soils  had  been  subjected  to  higher  effec¬ 
tive  stress  due  to  the  presence  of  the  1930  and  1940 
berms . 

Therefore,  the  1971  steady  state  strengths  of  the  critical 
layer  soils  on  the  upstream  side  of  the  dam  would  be  less  than 
the  strengths  on  the  downstream  side. 

Void  Ratio  Difference  Due  to  Submergence 

Historical  records  of  the  dam  construction  indicate  that 
the  crest  of  the  dam  was  at  El.  1088  NGVD  in  1915  and  that  the 
reservoir  was  filled  to  within  5  feet  of  the  crest  at  that 
time.  The  dam  crest  was  raised  gradually  in  1916  and  1917  to 
about  El.  1128.  The  records  indicate  that  during  these  early 
years,  while  the  dam  was  under  construction,  the  reservoir  was 
filled  for  summer  irrigation  use  and  was  practically  emptied 
during  the  winter  season  as  a  provision  against  unusual 
storms.  Presumably,  there  was  no  longer  a  reason  to  empty  the 
reservoir  in  the  winter  once  the  spillway  was  completed  circa 
1917. 
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No  information  was  available  on  reservoir  levels  during 
most  of  the  1920s.  However,  there  appears  to  be  no  reason  whv 
tu'1  reservoir  should  have  been  lowered  during  this  period. 
Repairs  to  the  upstream  concrete  facing  were  made  in  1  0 .  In 
order  to  repair  the  concrete  racing,  the  reservoir  had  to  be 
lowered  to  about  El.  1050  in  1929. 

Detailed  records  of  reservoir  elevation  were  available 
starting  in  1930.  These  records  indicate  that  the  reservoir 
elevation  was  always  above  1095  up  until  the  1971  earthquake 
with  only  one  significant  exception.  This  exception  was  a  4- 
to  5-month  period  in  1930  when  the  reservoir  level  dropped  to 
El.  1076  and  rose  back  to  1095. 

The  question  arises  as  to  whether  the  critical  laver  on 
the  upstream  side  of  the  dam  was  ever  subjected  to  an  effec¬ 
tive  stress  significantly  greater  than  that  corresponding  to  a 
fully  submerged  state.  The  most  critical  time  for  this  would 
have  been  during  lowering  of  the  reservoir  in  the  winter 
months  circa  1915-1917  and  during  repairs  in  1929.  We  believe 
that  the  upstream  critical  layer  has  not  been  subjected  to 
effective  stresses  significantly  greater  than  those 
corresponding  to  submerged  conditions,  as  explained  below. 

The  hydraulic  fill  process  used  to  construct  the  dam  no 
doubt  caused  the  soil  between  the  starter  dikes  to  be 
saturated  with  a  phreatic  surface  near  the  pond  level  at  the 
crest  of  the  dam.  The  reservoir  filling  in  1915  completely 
saturated  the  upstream  slope.  When  the  reservoir  was  lowered 
for  a  few  months,  drainage  of  water  within  the  upstream  slope 
started  to  occur.  However,  this  drainage  would  occur  very 
slowly  as  evidenced  by  the  fact  that  the  phreatic  surface  on 
the  downstream  side  of  the  dam  did  not  drop  significantly  in 
the  6  months  after  the  upstream  slope  had  failed  in  1971  and 
the  reservoir  had  been  completely  emptied. 

The  vertical  effective  stress  in  the  upstream  critical 
layer  (3V  u3)  at  the  location  which  mirrors  the  exploration 
shaft  location  (berm  road)  would  be  about  2.4  kg/ era ^  for  sub¬ 
merged  conditions.  Below  the  downstream  berm  road,  the  ver¬ 
tical  effective  stress  in  the  critical  laver  (®v  ds)  would  be 
about  3.5  kg/cm^  for  a  ground  water  depth  of  35  feet.  The 
following  equation  can  be  used  to  estimate  the  void  ratio  dif¬ 
ference  between  the  upstream  and  downstream  critical  layers 
due  to  the  submergence  effect: 

esub  =  c  c  — 

0 v ,  us 

Using  a  value  of  Cc  =  0.048  from  Tables  C2  and  C3  results  in  a 
value  of  A  esut>  =  0.008. 
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Void  Ratio  Di::  ‘erence  Hup  to  1930  and  1940  Berms 


Berms  on  the  downstream  slope  have  caused  consolidation 
stresses  to  be  higher  in  the  critical  layer  on  the 
downstream  side  compared  to  the  upstream  side.  The  majority 
of  the  additional  effective  stress  was  caused  by  the  large 
1 940  berm . 

Using  stress  distribution  equations,  we  estimate  that 
the  1940  berm  caused  an  increase  in  effective  stress  in  the 
critical  layer  of  about  0.58  kg/cm2  at  the  location  of  the 
exploration  shaft.  Using  a  Cc  =  0.048  as  before,  this 
increase  in  effective  stress  would  cause  a  decrease  in  cri¬ 
tical  layer  void  ratio  of  about  0.003. 

This  void  ratio  change  of  0.003  is  corroborated  by 
settlement  measurements  along  the  berm  road  (122  feet  south 
line),  shown  in  vig.  C7.  The  data  indicates  that  the  survey 
point  adjacent  to  the  exploration  shaft  settled  about  0.12 
feet  as  a  result  of  primary  consolidation  which  occurred  in 
the  few  years  following  placement  of  the  1940  berm.  Based 
on  analysis  similar  to  that  described  in  Section  C.5,  we 
estimate  that  about  20%  of  the  measured  settlement  was 
caused  by  consolidation  of  critical  layer  (Zone  5)  soils. 

For  a  critical  layer  thickness  of  15  feet  and  initial  void 
ratio  of  0.7,  the  backcalculated  change  in  void  ratio  of 
critical  laye*-  soils  is: 


A  eberm 


0.12'  x  0.20  (1+0.7) 
- 1 - 

15 


0.003 


This  backcalculated  value  of  0.003  is  the  same  as  that  esti¬ 
mated  using  the  consolidation  approach  described  previously. 


Summary  of  Upstream/Downstream  Void  Ratio  Difference 

Void  ratios  are  estimated  to  be  higher  in  the  upstream 
critical  layer  compared  to  the  downstream  layer  by  the 
following  amounts: 


4  e 

1.  Submergence  effect  0.008 

2.  Berm  effect  0 . 003 

Total  0.011 

Therefore,  we  added  0.011  to  the  estimated  in  situ  void 
ratios  of  samples  from  the  downstream  critical  laver  to 
obtain  void  ratios  for  the  upstream  critical  layer. 
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TABLE  Cl  -  SUMMARY  OF  COMPUTED  SETTLEMENTS  IN  SOIL  ZONES 
AT  LOCATION  ill  DUE  TO  CYCLIC  STRAINING  AND 
DISSIPATION  OF  EXCESS  PORE  PRESSURES 
Lower  San  Fernando  Dam 
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assumed  to  have  negligible  volume  change  after  cyclic  loading.  N-values  are  for  sand  portion  only. 

S )  Thickness  of  alluvium  taken  as  approximate  total  thickness  of  sand  layers  only.  Clay  layers  In  the 
alluvium  were  assumed  to  have  negligible  volume  change  after  cyclic  loading.  N-values  for  the  allu¬ 
vium  are  for  sand  layers  only. 


TABLE  C2  -  SUMMARY  OF  COMPRESSION  INDICES 
UNDISTURBED  SAMPLES  FROM  ZONE  5 
Lower  San  Fernando  Dam 


Triaxial O 
Test  No. 

C 

0  M  P  R 

E  S  S  I 

0  N  I 

N  D  E  X 

,  C  c  2) 

At 

1 

Isotropic 
_ 2 

Consolidation  Stress,  o 
4  6  7 

0  kit/  cm~ 
_ 8 _ 

12 

Rd 

0.021 

0.033 

0.046 

— 

- 

_ 

- 

R5 

0.013 

0.030 

0.046 

0.055 

- 

- 

- 

Rb 

0.026 

0.041 

0.051 

- 

- 

0.063 

- 

R7 

0.024 

0. 036 

0.057 

- 

- 

0.066 

- 

R8 

0.030 

0.047 

0.068 

- 

- 

0.085 

- 

Rd2 

0.018 

0.033 

0.045 

- 

- 

0.061 

0.065 

R13 

0.026 

0.045 

0.061 

- 

- 

0.084 

0.  113 

R14 

0.025 

0.039 

0.054 

- 

- 

0.033 

0.  106 

R15 

0.036 

0.058 

- 

- 

- 

0.  100 

0.  128 

R16 

0.017 

0.031 

0.051 

- 

- 

0.080 

0.099 

R17 

0.028 

0.043 

0.055 

- 

- 

0.  056 

C.091 

R18 

0.038 
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0.075 

- 

- 

0.  109 

0.  119 

R19 

0.019 

0.027 

0.036 

- 

- 

0.039 

0.039 

R20 

0.017 

0.032 

0.050 

0.065 

_ 

0.074 

Notes : 

1)  Consolidation  curves  for  triaxlil  tests  are  presented 

In  Appendix  F. 

2)  Compression  Index,  Cc ,  *  Ae/Alog  a0. 
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TABLE  C3  -  SUMMARY  OF  COMPUTED  SETTLEMENTS  IN 
SOIL  ZONES  AT  LOCATION  ill  DUE  TO 
GROUNDWATER  LOWERING 
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STATIC  AND  PSEUDOSTATIC  STABILITY  ANALYSES 


D. 1  Static  Stability  Analyses 
D.1.1  Introduction 


One  of  the  steps  in  evaluating  the  liquefaction 
susceptibility  of  the  dam  is  to  determine  the  in  situ 
driving  shear  stress  in  the  critical  soil  layer 
(Section  4.6.1  of  the  main  text).  This  section  of  the 
appendix  describes  stability  analyses  performed  to  deter¬ 
mine  the  driving  stress  in  the  critical  layer  on  the 
upstream  side  of  the  dam,  as  well  as  in  the  critical 
layer  on  the  downstream  side. 

The  computer  program  SSTAB2  (Wright,  1974)  was 
used  to  analyze  the  slopes  of  the  dam.  The  program  uses 
a  Spencer  method  of  analysis  in  which  the  interslice  for¬ 
ces  are  assumed  to  be  inclined  and  parallel.  The  method 
satisfies  all  conditions  of  static  equilibrium.  Sliding 
wedges  and  circular  arc  failure  surfaces  were  used  in  the 
analyses.  Wedge  failures  were  more  critical  than  cir¬ 
cular  failures,  so  results  of  the  wedge  analyses  were 
used.  A  manual  search  was  performed  to  find  the  most 
critical  wedge. 

The  driving  shear  stress  in  the  critical  layer  is 
equal  to  the  minimum  shear  resistance  the  layer  must  have 
to  maintain  stability  of  the  slope,  assuming  fully  mobi¬ 
lized  strengths  in  other  layers.  The  fully  mobilized 
strengths  are  those  that  would  act  while  deformations  of 
the  slope  were  occurring  and  would  be  available  to  resist 
a  massive  flow  slide.  The  strength  of  the  critical  layer 
(c  =  strength,  <r  =»  0)  is  varied  in  the  analysis  until  the 
factor  of  safety  of  the  slope  is  equal  to  1.0. 

A  cross  section  through  the  dam  prior  to  the  1971 
failure  is  shown  in  Fig.  2  of  the  main  text.  The 
simplified  geometry  used  for  performing  stability  analy¬ 
ses  is  shown  in  Fig.  D1 .  The  mobilized  strengths  of 
layers  used  in  the  analysis  are  presented  in  Table  D1 .  A 
discussion  of  strengths  used  in  the  analyses  is  presented 
b  e  1  ow  . 


Ro lied  Fill  Cap  and  Ground  Shale  Laver  -  The 
rolled  fill  cap  and  ground  shale  layer, 

Layer  1  in  Fig.  D1  ,  were  judged  to  be 


D4 


slightly  dilative  based  on  soil  descriptions 
and  blowcounts  in  these  layers.  The  mobi¬ 
lized  strengths  in  these  layers  were  varied 
using  a  friction  angle  of  either  30°  or  35°. 
These  layers  may  have  had  slightly  higher 
strengths  below  the  groundwater  due  to  dila¬ 
tion  at  the  beginning  of  shear  deformations, 
but  dissipation  of  negative  pore  pressures 
would  have  reduced  their  strengths  to  drained 
values . 

Clayey  Core  -  The  clayey  core  was  assumed  to 
act  undrained  during  *-h.e  failure.  A  labora¬ 
tory  vane  shear  test  was  performed  on  an 
undisturbed  sample  of  the  clayey  core 
obtained  from  Boring  U105  (Appendix  F, 

Section  F.5).  The  test  was  performed  on  a 
sample  obtained  below  the  1985  groundwater 
level,  and  thus  the  sample  is  probably  nor¬ 
mally  consolidated  to  the  1985  stresses 

A  plot  of  vane  shear  strength  vs.  vane 
displacement  is  shown  in  Fig.  F1 16.  This 
plot  shows  that  large  vane  displacements  were 
required  to  reduce  the  strength  of  the  clay 
sample  to  its  steady  state  strength.  Thus 
the  strength  available  in  the  field  to  resist 
the  initial  movements  of  a  flow  slide  is  the 
peak  undrained  strength,  SUp.  The  strength 
used  in  stability  analyses_was  varied  from  a 
high  corresponding  to_Sup/p  =  0.3  to  a  low 
corresponding  to  Sup/p  =0.2.  The  peak 
strength  of  the  laboratory  vane  specimen 
corresponded  to  a  c/p  ratio,  Sup/p,  equal  to 
about  0.3  for  1985  conditions.  Note  that  the 
resistance  mobilized  at  a  vane  displa£ement 
of  about  1  cm  corresponded  to  an  Sup/p  ratio 
of  about  0.16  and  that  the  steady  state 
strength  corresponded  to  an  Sus/p  ratio  of 
about  0.09. 

A  limited  number  of  torvane  shear  strength 
measurements  of  the  upper  part  of  the  clayey 
core  were  made  soon  after  the  1971  failure 
(Seed,  1973).  These  measurements  indicated  an 
Sup/P  ratio  of  about  0.3  which  is  consistent 
with  the  1985  measurements  of  clay  strength. 

The  clayey  core  was  divided  into  three  zones 
as  shown  in  Fig.  D1 .  The  strength  at  the 


mid-height  of  each  zone  was  used  in  the 
analyses. 


Starter  Dikes  -  Starter  dikes  used  in  the 
hydraulic  filling  process  can  be  seen  in  construction 
photographs.  Some  compaction  of  these  dikes  resulted 
from  equipment  traffic.  Because  of  the  low  confining 
pressures  in  the  starter  dike  zone,  it  is  likely  that  the 
soils  in  the  dikes  were  dilative.  The  starter  dikes  were 
assigned  a  mobilized  strength  corresponding  to  drained 
conditions.  The  friction  angle  for  the  starter  dikes  was 
varied  between  30°  and  35°.  As  discussed  in  Section  5.7 
of  the  main  text,  the  toe  of  the  starter  dike  on  the 
upstream  side  of  the  dam  may  have  dilated  significantly 
and  resisted  initial  flow  slide  movements  with  an 
undrained  strength  higher  the  the  drained  strength. 
Subsequent  drainage  of  negative  pore  pressures  in  the  toe 
dike  would  have  reduced  its  strength  from  its  undrained 
value  towards  its  drained  value  which  then  could  have 
allowed  the  flow  slide  to  continue.  This  scenario  points 
out  the  need  to  use  the  drained  strengths  of  dense,  dila¬ 
tive  layers  when  evaluating  susceptibility  to  a  liquefac¬ 
tion  flow  slide. 

1929-1930  Blanket  and  1940  Berm  -  The  engineering 
properties  of  these  layers  are  not  well  known.  Records 
indicate  that  they  were  apparently  compacted  to  some 
degree  during  placement.  The  mobilized  strengths  of 
these  layers  were  assumed  to  correspond  to  a  drained 
friction  angle  of  40°. 

Hydraulic  Fill  Shells  -  The  upstream  and 
downstream  hydraulic  fill  shells  were  assumed  to  act 
undrained  during  the  failure. 

0.1. 2  Static  Stability  Analysis  of  Upstream  Slope 

The  critical  failure  surface  through  the  upstream 
slope  based  on  our  stability  analyses  is  shown  in 
Fig.  D1 .  The  majority  of  the  failure  surface  through  the 
upstream  hydraulic  fill  shell  passes  through  the  base  of 
the  shell,  the  location  of  the  critical  layer.  Analyses 
were  performed  for  two  cases.  Case  A  was  based  on  lower 
bound  values  of  the  mobilized  strengths  varied  in  the 
analyses  and  Case  B  was  based  on  upper  bound  values 
(Table  D1 ) .  The  driving  shear  stress,  tj,  through  the 
critical  layer  on  the  upstream  side  of  the  dam  was  com¬ 
puted  to  be  the  following: 


D6 


Driving  Shear  Stress 
xd,  kg/cm2 


Case  A  0.53 

Case  B  0.44 

Average  0.48 

We  believe  that  a  driving  shear  stress  of 
0.48  kg/cm2  is  a  reasonable  value  to  use  for  evaluating 
the  liquefaction  susceptibility  of  the  critical  layer  on 
the  upstream  side  of  the  dam. 

D.1.3  Static  Stability  Analysis  of  Downstream  Slope 

The  critical  failure  surface  through  the  down¬ 
stream  slope  based  on  our  stability  analyses  is  shown  in 
Fig.  D2 .  Stability  analyses  were  performed  for  the  same 
two  cases  described  in  the  previous  section.  The 
majority  of  the  failure  surface  through  the  downstream 
hydraulic  fill  shell  passes  through  the  base  of  the 
shell,  the  location  of  the  critical  layer.  The  driving 
shear  stress,  t^,  through  the  critical  layer  on  the 
downstream  side  of  the  dam  was  computed  to  be  the 
following: 


Case  A  0.41 

Case  B  0.24 

Average  0.33 

We  believe  that  a  driving  shear  stress  of  0.33 
kg/cm2  is  a  reasonable  value  to  use  for  evaluating  the 
liquefaction  susceptibility  of  the  critical  layer  on  the 
downstream  side  of  the  dam  for  the  prefailure  condition. 

Stability  analysis  of  the  downstream  slope  were 
also  performed  using  the  geometry  of  the  dam  immediately 
after  the  1971  failure.  The  geometry  used  in  the  analy¬ 
sis  was  based  on  that  shown  in  the  upper  part  of  Fig.  3. 
For  the  post-failure  condition,  the  driving  shear  stress 
through  the  critical  layer  on  the  downstream  side  of  the 
dam  was  computed  to  be  0.22  kg/cm2  0.06  kg/cm2. 
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D. 2  Pseudostatic  Stability  Analysis 

The  purpose  of  the  pseudostatic  stability  analyses  was  to 
determine  yield  accelerat ions  to  be  used  for  estimating 
strains  with  a  Newmark-type  analysis  for  various  earthquake 
intensities.  The  strain  estimates  were  then  compared  with  the 
strains  required  to  trigger  liquefaction. 

The  shear  stresses  present  along  the  base  of  the  critical 
wedge  for  an  upstream  failure,  prior  to  the  earthquake,  were 
related  to  the  drained  strengths  for  all  soils.  The  earth¬ 
quake  stresses  represented  by  a  horizontal  force  acting  on  the 
critical  wedge  will  cause  additional  shear  stresses  along  the 
base  of  the  wedge,  and  for  a  sufficiently  large  horizontal 
force,  yielding  of  the  soils  will  occur.  The  yielding  that  is 
relevant  to  the  triggering  of  liquefaction  is  that  of  the 
Zone  5  hydraulic  fill  soils.  These  soils  reach  a  peak 
strength  at  very  small  strains  and  liquefaction  is  triggered 
if  yielding  causes  an  accumulation  of  shear  strain  of  0.5%  or 
larger.  The  question  arises  as  to  how  much  additional 
resistance  is  mobilized  in  the  other  soils  along  the  base  of 
the  wedge  under  the  small  strains  needed  to  trigger  liquefac¬ 
tion.  Two  assumptions  were  made  for  the  strengths  used  in  the 
pseudostatic  stability  analyses  to  obtain  upper  and  lower 
bounds  for  the  yield  acceleration,  as  shown  in  Table  D2.  The 
two  assumptions  are  as  follows: 

a.  the  shear  strengths  in  all  soils  are  equal  to 
the  pre-earthquake  mobilized  shear  strengths, 
except  for  the  critical  soil  in  which  yielding 
is  assumed  to  occur  at  the  peak  undrained 
strength  (1,700  psf) ;  and 

b.  the  applicable  shear  strengths  are  equal  to  the 
peak  drained  strength  in  the  rolled  fill  cap  and 
ground  shale  layer  and  equal  to  the  peak 
undrained  strength  in  the  clayey  core,  starter 
dike,  and  Zone  5  of  the  hydraulic  fill  shell 
(critical  soil) . 

For  cases  a.  and  b.  the  computed  yield  accelerations  of 
the  upstream  slope  were  0.05  and  0.07  g,  respectively. 
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TABLE  DL  -  SOIL  PROPERTIES  USED  IN  STABILITY  ANALYSES  TO 
DETERMINE  IN  SITU  DRIVING  SHEAR  STRESSES 
Lower  San  Fernando  Dam 


Soil 

Layer ^ 
No. 

Total  Unit 
Weight,  pcf 

Case  A  - 
Lower  Bound 

Case  B  - 
Upper  Bound 

c 

psf 

<P 

degrees 

c 

psf 

<P 

degrees 

Rolled  Fill  Cap  and 

1 

120 

0 

30 

0 

35 

Ground  Shale  Layer 

Clayey  Core^ 

120 

HI 

0 

1970 

0 

120 

H 

0 

2400 

0 

120 

1900 

0 

2830 

0 

Starter  Dikes 

5 

120 

0 

30 

0 

35 

1929-1930  Blanket 

6 

120 

0 

40 

0 

40 

1940  Berm 

7 

120 

0 

40 

0 

40 

Upstream  Hydraulic 

8 

120 

Note  3 

0 

Note  3 

0 

Fill  Shell 

Downstream  Hydraulic 

9 

120 

Note  4 

0 

Note  4 

0 

Fill  Shell 

Notes : 


1)  See  Fig.  D1  for  dam  geometry  and  layer  numbers  used  In  stability 
analyses. 

2)  Case  A  corresponds  to  c/p  =0.2  and  Case  B  corresponds  to  c/p  =  0.3. 

3)  The  strength  in  this  zone  was  varied  until  the  factor  of  safety  of 
the  potential  upstream  failure  surface  equaled  1.0. 

4)  The  strength  in  this  zone  was  varied  until  the  factor  of  safety  of 
the  potential  downstream  failure  surface  equaled  1.0. 
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TABLE  D2  -  SOIL  PROPERTIES  USED  IN  PSEUDOSTATIC 
STABILITY  ANALYSES  TO  DETERMINE  YIELD 
ACCELERATIONS  OF  UPSTREAM  SLOPE 
Lower  San  Fernando  Dam 


Soil 

Layer  ^ ) 
No. 

Total  Unit 
Weight,  pcf 

Yield  Strength,  Sy 
psf 

Case  A 

Case  B 

Rolled  Fill  Cap  and 
Ground  Shale  Layer 

1 

120 

400 

700 

Clayey  Core 

2 

120 

1  ,400 

1  ,600 

Starter  Dike 

5 

1  20 

1  00 

3,400 

Upstream  Hydraulic 
Fill  Shell 

8 

120 

1  ,700 

1  ,700 

Note : 


1)  See  Fig.  D1  for  dam  geometry  and  layer  numbers  used  in 
stability  analyses. 
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SHAKE  ANALYSES 


E. 1  General 

The  computer  program  SHAKE  (Schnabel  et  al,  1972) 
involves  a  one-dimensional  analysis  in  which  the  soil  profile 
is  modeled  as  a  series  of  horizontal  layers,  and  the  vertical 
propagation  of  shear  waves  is  considered. 

SHAKE  analyses  were  performed  on  soil  profiles  through 
the  downstream  and  upstream  hydraulic  fill  shells  of  the  dam. 

E . 2  Soil  Profile  Through  Downstream  Shell 

A  SHAKE  analysis  was  performed  using  the  soil  profile  at 
Location  111  to  determine  the  maximum  cyclic  shear  strain  in 
each  layer  of  the  soil  profile  which  occurred  during  the  1971 
earthquake  (see  Appendix  C,  Section  C.4).  The  soil  profile  at 
Location  111  is  shown  in  Fig.  9  of  the  main  text.  The  ground- 
water  level  for  the  SHAKE  analysis  was  assumed  to  be  its  1971 
elevation,  or  about  35  feet  below  ground  surface  at  Loca- 
t ion  111. 

The  input  parameters  for  the  SHAKE  analysis  of  the 
Location  111  soil  profile  are  shown  in  Table  El.  Values  of 
maximum  soil  modulus  coefficient  (K2)raax>  f°r  each  layer  of 
the  hydraulic  fill  shell  were  estimated  on  the  basis  of 
corrected  1985  N-values  as  explained  in  Table  El.  The  N- 
values  prior  to  the  1971  earthquake  would  be  somewhat  less 
than  the  1985  values.  We  did  not  try  to  predict  1971  N-values 
for  the  purpose  of  estimating  maximum  soil  modulus  coef¬ 
ficients  because  we  felt  this  level  of  refinement  in  esti¬ 
mating  the  coefficients  was  unwarranted. 

Earthquake  time  histories  of  acceleration  were  input  at 
the  surface  of  the  bedrock  layer.  The  earthquake  time  history 
was  that  obtained  from  a  seisraoscope  located  on  the  right 
abutment.  The  motion  in  the  direction  normal  to  the  axis  of 
the  dam  was  used.  The  record,  developed  by  R.  F.  Scott  (Seed, 
et  al  1973)  is  shown  in  Fig.  El. 

A  plot  of  maximum  cyclic  shear  strain  vs  depth  developed 
from  the  SHAKE  analyses  is  shown  in  Fig.  E2 . 


E.3  Soil  Profile  Through  Upstream  Shell 


SHAKE  analysis  were  performed  on  a  soil  profile  through 
the  upstream  hydraulic  fill  shell  to  determine  time  histories 
of  stresses  applied  to  the  potential  sliding  mass  on  the 
upstream  slope.  Stresses  from  the  SHAKE  analyses  were  used  to 
define  time  histories  of  acceleration  as  discussed  in 
Section  5.5  of  the  main  text. 

The  soil  profile  used  for  SHAKE  analyses  of  the  upstream 
shell  was  taken  to  be  the  same  as  that  observed  at 
Location  111  through  the  downstream  shell,  except  that  the 
groundwater  level  was  placed  at  the  ground  surface  due  to  the 
presence  of  the  reservoir. 

The  input  parameters  for  SHAKE  analyses  of  the  upstream 
soil  profile  are  shown  in  Table  E2.  Values  of  maximum  soil 
modulus  coefficient,  (^2)max>  f°r  each  layer  were  taken  to  be 
the  same  as  those  estimated  for  the  downstream  slope.  The 
shear  moduli  of  layers  in  the  upstream  profile  are  less  than 
shear  moduli  in  the  downstream  profile  due  to  the  lower  effec¬ 
tive  overburden  stresses. 

Earthquake  time  histories  of  acceleration  were  input  at 
the  surface  of  the  bedrock  layer.  The  earthquake  time  history 
was  that  developed  by  R.  F.  Scott  (Fig.  El).  The  accelera¬ 
tions  in  the  record  were  scaled  to  obtain  several  earthquake 
time  histories  with  various  peak  accelerations  for  use  in 
SHAKE  analyses  as  described  in  Section  5.5  of  the  main  text. 


TABLE  El  -  SUMMARY  OF  INPUT  PARAMETERS  FOR  SHAKE  ANALYSIS  OF 
LOCATION  111  SOIL  PROFILE  -  DOWNSTREAM  SLOPE 
Lower  San  Fernando  Dam 


Layer * ) 

Thick. 

ness 

ft 

Total 

Unit  Weight 

pcf 

2) 

(N1>60 
blows /ft 

3) 

°m 

psf 

(K2)  4> 

4  max 

G  4> 

umax 

psf  x  10^ 

Dense  Fill 

20 

120 

- 

780 

52 

1.45 

Zone  1 

15 

120 

22 

2140 

56 

2.59 

above  groundwater 

Zone  1 

6 

120 

22 

2840 

56 

2.98 

below  groundwater 

Zone  2 

15 

120 

15 

3230 

49 

2.79 

Zone  3 

11 

120 

20 

3720 

54 

3.29 

Zone  4 

6 

120 

30 

4040 

62 

3.94 

Zone  5 

15 

120 

11 

4430 

44 

2.93 

Alluvium 

12 

120 

- 

4940 

525) 

3.65 

Notes : 

1)  Soil  profile  is 

that  shown  in 

Fig.  9  with 

groundwater  level 

35  feet 

below  ground  surface, 

2)  (NjKn  is  1985  measured  N-value  in  layer  corrected  for  overburden 
pressure,  using  60%  of  the  theoretical  free-fall  hammer  energy  trans¬ 
ferred  to  drill  rods  instead  of  the  measured  72%,  and  liner  effects  as 
described  in  Seed,  1985. 

3)  is  the  1971  octahedral  effective  stress  at  the  midheight  of  the 
layer,  equal  to  0.65oy. 

4)  Maximum  soil  modulus  coefficient,  (K2)  ,  and  maximum  shear  modulus, 

Gmax,  based  on  relationships  between  tRese  parameters  and  (Nj)^  and 
3m  suggested  by  Seed,  et  al  (1986).  Attenuation  curves  for  Damping 
Ratio  and  Shear  Modulus  based  on  Seed  and  Idriss  (1970)  for  cohesion¬ 
less  soils.  Input  earthquake  record  is  that  shown  in  Fig.  El. 

5)  Value  of  (K2)  for  alluvium  same  as  that  used  in  Seed,  et  al  (1973) 
for  upper  alluvium. 
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TABLE  E2  -  SUMMARY  OF  INPUT  PARAMETERS  FOR 
SHAKE  ANALYSIS  OF  SOIL  PROFILE 
THROUGH  UPSTREAM  SLOPE 
Lower  San  Fernando  Dam 


Layerl ) 

Thick¬ 

ness 

ft 

Total 

Unit  Weight 

pcf 

_2> 

psf 

(K2)  3> 

v  ‘;raax 

^max^ 

psf  x  10^ 

Dense  Fill 

20 

1  20 

380 

52 

1.02 

Zone  1 

21 

120 

1  1  70 

56 

1.91 

Zone  2 

1  5 

120 

1860 

49 

2.1  1 

Zone  3 

1  1 

120 

2360 

54 

2.62 

Zone  4 

6 

120 

2690 

62 

3.21 

Zone  5 

15 

120 

3090 

44 

2.45 

Alluvium 

1  2 

120 

3610 

52 

3.12 

Notes : 

1)  Soil  profile  is  that  shown  in  Fig.  9  except  that  a 
groundwater  level  at  the  ground  surface  was  used. 

2)  is  the  1971  octahedral  stress  at  the  raidheight  of  the 
layer,  equal  to  O.65ov. 

3)  Maximum  soil  modulus  coefficient,  (K2)max>  the  same  as 

those  in  Table  El.  Maximum  shear  modulus,  Gmax ,  based 
on  5m  and  (^2)  .  Attenuation  curves  for  Damping 

Ratio  and  Shear  Modulus  based  on  Seed  and  Idriss  (1970) 
for  cohesionless  soil. 
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APPENDIX  F 


LABORATORY  TESTING  PROGRAM 


F . 1  Introduction 

Laboratory  tests  were  performed  on  the  following  tvpes  of 
soil  samples  from  Lower  San  Fernando  Dam: 

_ Source _  _ Sample  Type _ 

Borings  Split-spoon  samples 

Undisturbed  fixed  piston  samples 

Exploration  Shaft  Undisturbed  tripod  tube  samples 

Batch  mixes  formed  from  bag  samples 

Laboratory  tests  included  index  tests,  monotonically  and 
cyclically  loaded  triaxial  tests,  and  vane  shear  tests.  A 
list  of  all  laboratory  tests  performed  on  each  sample  is  pre¬ 
sented  in  Table  FI  . 

F. 2  Preparation  of  Batch  Mixes 

Seven  batch  mixes  were  prepared  from  bag  samples  obtained 
from  the  exploration  shaft.  The  individual  bag  samples  used 
to  form  each  batch  mix  are  presented  in  Table  F2 ,  as  well  as 
the  elevation  range  from  which  the  bag  samples  were  taken.  An 
attempt  was  made  to  form  batch  mixes  which  would  represent  a 
particular  soil  layer  encountered  in  the  shaft. 

Individual  bag  samples  used  to  form  a  particular  batch 
mix  were  combined  on  a  large  mixing  boa  i  in  the  laboratory. 
The  mixture  was  worked  with  a  shovel  until  the  soil  was  homo¬ 
geneous.  All  laboratory  tests  of  batch  mixes  were  performed 
on  the  fraction  passing  the  No.  4  sieve. 

F . 3  Index  Tests 

The  following  types  of  index  tests  were  performed:  spe¬ 
cific  gravity,  compaction,  Atterberp  limits,  mineralogical 
analysis,  and  grain  size  analyses.  Results  of  index  tests  are 
summarized  in  Table  F2  and  discussed  separately  below. 


F.3.1  Specific  Gravity  Determinations 


Specific  gravity  tests  were  performed  on  each  of 
the  seven  batch  mix  samples.  Results  of  specific  gra¬ 
vity  tests  are  presented  in  Table  F2 .  The  measured  spe¬ 
cific  gravities  were  used  to  calculate  void  ratios  of 
triaxial  test  specimens. 

F.3.2  Compaction  Tests 

Laboratory  compaction  tests  were  performed  on  each 
of  the  seven  batch  mix  samples.  The  tests  were  performed 
in  accordance  with  ASTM  Procedure  D1 557-78,  Method  A. 
Results  of  the  compaction  tests  are  shown  in  Figs.  FI 
through  Fig.  F7. 


F.3.3  Atterberg  Limits  Determination 

One  Atterberg  limit  test  was  perfo rmed  on  the 
minus  No.  40  fraction  of  Batch  Mix  7.  The  results  of 
this  test  are  as  follows: 

Liquid  Limit  =  24 
Plastic  Limit  =  20 
Plasticity  Index  =  4 


Based  on  these  results,  the  minus  No.  40  fraction 
of  Batch  Mix  7  has  a  Unified  Soil  Classification  of  ML. 

F.3.4  Mineralogi cal  Analysis 

A  mineralogical  analysis  of  a  sample  of  Batch 
Mix  7  was  performed  for  GEI  by  Resource  Engineering 
Incorporated  of  Waltham,  Massachusetts  using  reflected 
light  microscopy.  The  following  results  were  reported: 

Mineral  Type  Volume  % 


Quartz  67 
Feldspar  15 
Clays  1 0 
Opaques  5 
Other  3 


The  shape  of  most  of  the  mineral  grains  was 
described  as  angular  or  blockv,  and  equiaxis  with  very 
few  exhibiting  a  platv  structure.  No  organic  materials 
were  found  in  the  sample. 


F.3.5 


Grain  Size  Analyses 


Grain  size  analyses  were  performed  on  the  followi 
samples : 


No.  of  Tests 


Sample  Type 


10 

21 

7 


Split-spoon  samples 
Undisturbed  samples 
Batch  mix  samples 


Grain  size  curves  of  all  samples  tested  are  pre¬ 
sented  in  Figs.  F8  to  F49.  Grain  size  analyses  of 
triaxial  test  specimens  were  performed  on  a  represen¬ 
tative  portion  of  the  failure  zone  of  the  specimens.  In 
some  cases,  two  grain  size  analyses  were  performed  on  a 
triaxial  test  specimen  to  classify  two  obviously  dif¬ 
ferent  layers  in  the  specimen. 


Grain  size  curves  of  undisturbed 
Zone  5  of  the  hydraulic  fill  shell  (crit 
plotted  together  in  Fig.  11.  Batch  Mix 
zone  is  also  shown  in  Fig.  1 1 . 


samples  from 
ical  layer)  are 
7  from  the  same 


F.4  Triaxial  Tests 


F. 4. 1  General 

The  following  triaxial  tests  were  performed  as  a 
part  of  this  study: 

20  Isotropically  consolidated,  undra_ined 

triaxial,  monotonic  compression  (R)  tests  on 
undisturbed  samples. 

10  Isotropically  consolidated,  undra_ined 

triaxial,  raonotonic  compression  (R)  tests  on 
remolded  samples  of  Batch  Mix  7. 

2  Isotropically  consolidated,  drained  triaxial, 
monotonic  compression  (S)  tests  on  remolded 
samples  of  Batch  Mix  7. 

9  Anisotropically  consolidated,  und_rained 

triaxial,  monotonic  compression  (R)  tests  on 
remolded  samples  of  Batch  Mix  7. 

5  Anisotropically  consolidated,  undrained 

triaxial,  cyclj^c  load  followed  by  monotonic 
compression  (CRR)  tests  on  undisturbed 


specimens;  the  consolidation  phase  of  these 
tests  included  an  unloading  cycle  to  measure 
swelling  properties. 


11  Anisotropically  consolidated,  undrained 
triaxial,  cvclic  load  (CR)  tests  on 
remolded  samples  of  Batch  Mix  7. 

Specimen  preparation  techniques  are  discussed 
below  in  Section  F.4.2,  followed  by  discussions  of  the 
individual  test  results  in  Sections  F.4.3  through  F.4.7. 

F.4.2  Specimen  Preparation 

F.4.2. 1  Undisturbed  Tube  Samples 

The  general  procedure  followed  for  pre¬ 
paring  undisturbed  tube  samples  for  triaxial 
testing  was  as  follows: 

1 .  The  distance  from  the  ends  of  the  tube  to 
the  soil  surfaces  at  both  ends  of  the 
tube  were  measured.  These  distances  were 
compared  to  measurements  of  the  same 
distance  recorded  just  after  the  tube  was 
taken  in  the  field.  Differences  between 
the  two  sets  of  measurements  were  used  to 
determine  void  ratio  changes  during 
sample  shipment.  In  this  investigation, 
no  changes  in  sample  length  were  measured 
during  shipment. 

2.  The  X-ray  of  the  undisturbed  tube  sample 
selected  for  testing  was  examined  to 
identify  soil  layers  within  the  tube. 
Triaxial  tests  were  performed  on  samples 
which  appeared  from  the  X-ray  to  be  one 
soil  layer  within  the  tube.  The  section 
of  tube  for  testing  was  identified  and 
marked  for  cutting,  leaving  about  2  cm  on 
each  end  of  the  section  for  trimming. 

3.  The  tube  was  secured  vertically  in  a 
chain  vise,  and  stiffening  rings  placed 
adjacent  to  the  cut  locations.  The  pur¬ 
pose  of  the  rings  was  to  prevent  the  tube 
from  deforming  during  cutting  and  thus  to 
reduce  stresses  on  the  soil  during 
cutting. 


4.  The  Cube  cuCter  was  positioned  at  the 
desired  cut  location  and  then  turned 
slowly  while  applying  gentle  pressure. 

The  distance  from  the  top  of  tube  to  the 
soil  was  measured  before  and  after 
cutting  to  determine  if  soil  length 
changes  occurred  during  cutting.  A  typi¬ 
cal  cut  required  about  15  to  20  minutes. 
In  this  investigation,  little  to  no 
volume  changes  took  place  during  cutting. 

5.  To  promote  saturation  and  easier  sample 
extrusion,  the  bottom  section  of  the  tube 
was  placed  in  a  water  bath,  allowing 
water  to  be  drawn  to  the  top  by 
capillarity.  The  bottom  was  protected  by 
a  piece  of  filter  paper  and  a  porous 
stone  during  saturation,  with  only  the 
porous  stone  coming  in  contact  with  the 
water . 

6.  After  saturation,  the  sample  was  trimmed 
to  the  desired  test  length  in  the  tube, 
and  measurements  of  the  sample  length 
recorded  for  determining  the  void  ratio 
of  the  sample  in  the  tube. 

7.  A  membrane  was  placed  on  a  membrane 
stretcher  and  the  sample  extruded 
directly  into  the  membrane.  Extrusion 
was  performed  with  the  tube  in  a  vertical 
position. 

8.  The  sample  was  placed  on  the  bottom  pla¬ 
ten  of  the  triaxial  cell,  the  top  cap  was 
placed  on  the  sample,  and  a  vacuum  of 
about  15  inches  of  mercury  applied  to  th 
sample.  Lubricated  end  platens  were  use 
for  virtually  all  triaxial  tests  so  that 
the  smallest  sample  height  could  be  used. 
This  increased  the  probability  that  the 
triaxial  test  specimen  would  be  essen¬ 
tially  of  one  soil  type. 

9.  The  diameter  and  height  of  the  sample 
were  measured,  the  triaxial  cell 
assembled,  and  the  cell  filled  with 
water. 

10.  The  vacuum  was  locked  into  the  sample  by 
closing  the  drainage  lines,  and  the  cell 


cl  m 


pressure  was  increased  to  0.5  kg/cra^. 

The  drainage  lines  were  opened,  releasing 
the  vacuum  and  bringing  the  pore  water 
pressure  to  atmospheric. 

The  sample  was  then  ready  for  back¬ 
pressure  saturation  and  consolidation  as  discussed 
in  Section  F.4.2.3  below. 

F.4.2.2  Remolded  Samples 

Triaxial  tests  were  performed  on  remolded 
samples  of  Batch  Mix  7.  Only  the  fraction  passing 
the  No.  4  sieve  was  used  for  testing.  The  soil  was 
passed  through  either  a  No.  10  or  No.  40  sieve 
prior  to  testing  to  break  lumps  of  soil. 

Three  methods  were  used  to  form  samples 
of  Batch  Mix  7  for  triaxial  testing.  The  first 
method  consisted  of  compacting  the  samples  at  a 
water  content  of  about  7%.  After  compaction,  the 
samples  were  saturated  by  flowing  water  through 
the  samples  from  the  bottom  to  the  top,  and  then 
using  backpressure  saturation  to  achieve  full 
saturation.  This  method  required  high 
backpressures  to  achieve  proper  saturation. 

The  second  method  involved  placing  the 
sample  as  a  slurry  at  a  water  content  ranging  from 
30  to  38%.  This  method  was  used  for  tests  R104 
and  R105.  Samples  formed  in  this  manner  were 
found  to  be  very  soft  and  difficult  to  handle,  and 
required  long  consolidation  times  at  low  con¬ 
solidation  pressures. 

The  third  method  was  the  most  practical 
and  was  used  for  the  majority  of  the  triaxial 
tests  on  remolded  samples.  Samples  were  compacted 
in  a  mold  at  water  contents  typically  between  3 
and  4%.  The  following  is  a  detailed  summary  of 
this  procedure: 

1 .  A  confining  membrane  was  secured  in  a 
sample  mold  and  stretched  smooth  by 
applying  a  vacuum  between  the  mold  and 
the  membrane.  The  mold  was  placed  around 
the  bottom  platen  of  the  triaxial  cell. 
The  diameter  and  height  of  the  mold  with 
the  membrane  in  place  was  measured. 


2.  Using  a  target  void  ratio,  known  mold 
dimensions,  and  the  water  content  of  the 
batch  mix,  the  required  weight  of  soil 
for  the  test  was  weighed  and  mixed  with 
C02. 

3.  Samples  were  compacted  to  target  void 
ratios  in  layers  between  1.35  and  1.5  cm 
thick  by  static  pressure  from  a  tamper. 
The  top  of  each  layer  was  scarified  prior 
to  the  addition  of  the  next  layer. 

4.  When  the  desired  sample  height  was 
reached,  the  top  platen  was  placed  on  the 
sample  and  the  membrane  stretched  over 
the  platens.  A  small  vacuum  was  applied 
to  the  sample,  and  the  mold  removed. 
Lubricated  end  platens  were  used  for 
almost  all  tests. 

5.  After  removing  the  mold,  air  within  the 
sample  was  displaced  by  flowing  C02 
through  the  sample.  The  C02  entered  the 
bottom  of  the  sample  under  atmospheric 
pressure,  and  was  pulled  through  the 
sample  by  a  vacuum.  The  drainage  line  to 
the  bottom  of  sample  was  then  closed. 

6.  Sample  dimensions  were  measured  with  the 
vacuum  still  applied.  The  cell  was 
assembled  and  filled  with  water,  and  a 
small  cell  pressure  of  about  0.1  kg/cm2 
applied. 

7.  The  vacuum  was  locked  into  the  sample  by 
closing  the  valve  to  the  top  drainage 
line.  De-aired  distilled  water  was  then 
slowly  introduced  to  the  bottom  of  the 
sample.  Water  was  drawn  upward  through 
the  sample  under  the  gradient  imposed  by 
the  locked  in  vacuum.  The  rate  of  inflow 
was  carefully  controlled  to  prevent 
surges  of  water  inflow. 

8.  When  the  distilled  water  reached  the  top 
of  the  sample  and  appeared  in  the  top 
drainage  line  the  sample  was  ready  for 
backpressure  saturation  and  con¬ 
solidation.  The  drainage  lines  were 
opened,  releasing  the  vacuum  and  bringing 
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Che  pore  water  pressure  to  atmospheric, 

while  the  cell  pressure  was  increased 

from  0.1  to  0.5  kg/cra^. 

F.4.2.3  Backpressure  Saturation  and  Consolidation 

Backpressure  saturation  and  isotropic 
consolidation  was  performed  using  a  regulated  air 
pressure  system,  with  air  over  water  interfaces. 
Graduated  burettes  having  capacities  of  60  nl  ie re 
used  to  measure  volume  change  from  either  the  op 
or  bottom  drainage  lines. 

The  air  regulating  system  used  allowed 
simultaneous  increase  of  cell  pressure  and  back¬ 
pressure.  Starting  from  a  confining  pressure  of 
0.5  kg/cm2  and  a  backpressure  of  0.0  kg/cm2,  the 
pressures  were  increased  in  increments  of  0.5  or 
1.0  kg/ctn^,  with  drainage  lines  open.  Measure¬ 
ments  of  the  pore  pressure  coefficient,  B,  were 
performed  during  incremental  increases  in  cell 
pressure  and  backpressure  until  the  measured  B- 
coefficient  was  approximately  0.95  or  greater. 

Upon  completion  of  saturation,  samples 
were  isotropically  consolidated  to  the  desired 
effective  stress.  Volume  and  height  changes  were 
monitored  during  each  increment  of  consolidation 
s  tresses. 

When  necessary,  anisotropic  consolidation 
loads  were  applied  prior  to  shear.  The  required 
load  was  calculi  ;d  based  on  the  desired  anisotro¬ 
pic  stress  and  the  estimated  area  after  isotropic 
consolidation.  Anisotropic  loads  were  applied 
using  either  a  dead  load  system,  air  pressure  in  a 
triaxial  cell  top  with  a  built  in  air  piston,  or 
by  loading  the  sample  at  a  slow  strain  rate  in  a 
load  frame.  In  all  cases,  the  load  was  monitored 
by  a  load  cell  mounted  beneath  the  soil  sample. 

At  the  completion  of  consolidation,  the 
samples  were  loaded  either  monotonical ly  or  cycli¬ 
cally.  After  loading  the  samples  were  recon¬ 
solidated  to  their  original  isotropic  stresses, 

(for  undrained  tests).  The  drainage  lines  were 
closed,  and  the  triaxial  cell  dismantled.  The 
final  water  content  was  then  measured,  using  one 
half  of  the  specimen  for  undisturbed  tests  and  the 
whole  sample  for  remolded  samples.  The  final 


water  content,  final  weight  of  solids,  and  speci¬ 
fic  gravity  were  then  used  to  calculate  the  void 
ratios  during  shear  and  consolidation. 


F.4.3  R  Tests  -  Undisturbed  Samples 

Twenty  R  tests  (R1  through  R20)  were  performed  on 
either  undisturbed  tripod  tube  samples  from  the  explora¬ 
tion  shaft,  or  on  undisturbed  fixed  piston  tube  samples 
from  borings.  The  purpose  of  the  tests  was  to  provide 
data  for  determining  the  in  situ  undrained  steady  state 
shear  strength  of  the  soils. 

Results,  of  R  tests  on  undisturbed  samples  are  sum¬ 
marized  in  Table  F3,  and  summary  plots  for  the  individual 
tests  are  presented  on  Figs.  F50  through  F69.  Triaxial 
consolidation  curves  for  samples  from  Zone  5  are  pre¬ 
sented  in  Fig.  F70,  and  consolidation  curves  for  all 
other  undisturbed  samples  are  shown  in  Fig.  F71. 
Descriptions  of  undisturbed  samples  after  triaxial 
testing  are  presented  in  Table  F8. 

Conventional  end  platens  were  used  for  the  first 
five  R  tests  (T£l  through  T£5)  .  The  remainder  of  the  tests 
were  performed  using  lubricated  end  platens.  The  reason 
for  choosing  lubricated  ends  was  to  minimize  the  number 
of  layers  within  a  given  test  specimen.  The  height-to- 
diameter  ratio  for  the  conventional  end  samples  ranged 
from  about  2.1  to  2.3,  while  the  lubricated  end  platen 
tests  were  performed  using  a  height-to-diameter  ratio  of 
about  1.5. 


The  drainage  lines  to  the  specimens  were  closed  at 
the  conclusion  of  consolidation  and  the  samples  sheared 
in  monotonic  compression.  All  of  the  tests  were  per¬ 
formed  in  a  strain  controlled  loading  device.  Pore 
pressure  changes,  applied  load,  and  axial  deformation 
were  monitored  throughout  the  tests.  Axial  strain  rates 
were  chosen  to  allow  pore  pressure  equalization  during 
shear.  Axial  strain  rates  ranged  from  about  0.21  to 
0.76  %/rain. 

The  samples  were  typ_ically  sheared  to  an  axial 
strain  of  about  25%.  Test  R1  1  and  R 1  2  were  stopped  at 
lower  strains  because  the  applied  loads  had  reached  or 
exceeded  the  capacity  of  the  load  cells. 

The  drainage  lines  were  opened  at  the  conclusion 
of  shearing  to  allow  excess  pore  pressures  to  dissipate. 
The  volume  change  during  reconsoliua  Lion  was  recorded , 


and  the  drainage  lines  were  again  closed.  The  triaxial 
cell  was  dismantled  and  the  sample  was  cut  vertically. 

One  half  of  the  sample  was  used  for  water  content  deter¬ 
mination,  and  the  remaining  half  was  photographed  and 
visually  classified.  A  representative  portion  of  the 
sample  in  the  failure  zone  of  the  specimen  was  selected 
for  grain  size  analysis. 

F .  4 . 4  R  Tests  -  Remolded  Samples,  Isotropically 

Conso lidated 

Ten  R  tests,  ( R 1  0 1  through  R 1  10)  ,  were  performed 
on  isotropically  consolidated  remolded  samples  of  Batch 
Mix  7.  The  samples  were  prepared  using  three  procedures, 
as  discussed  in  Section  F.4.2.2  above.  The  purpose  of 
the  tests  was  to  develop  the  steady  state  line  for  Batch 
Mix  7 . 

Results  of  these  tests  are  summarized  in  Table  F4, 
and  summary  plots  for  the  individual  tests  are  presented 
in  Figs.  F72  through  F81 . 

The  shearing  procedure  for  these  tests  was  essen¬ 
tially  identical  to  that  used  for  undisturbed  samples. 

Pore  pressures,  load,  and  axial  deformation  were  measured 
continuously  while  the  samples  were  sheared  at  slow 
strain  rates  to  allow  pore  pressure  equalization.  The 
strain  rates  ranged  from  about  0.07  to  2  %/min. 

_  The  steady  state  condition  was  not  reached  in  Test 

R1 04,  one  of  the  samples  prepared  as  a  slurry.  The  value 
of  Zf  at  the  end  of  this  test  was  plotted  in  Fig.  15  and 
an  arrow  shown  next  to  the  data  point  to  indicate  that 
c»fs  was  not  reached. 

The  procedure  for  reconsolidating  the  sample  and 
measuring  the  water  content  at  the  end  of  the  test  was 
similar  to  the  procedure  for  the  R  tests  on  undisturbed 
samples,  except  that  the  entire  sample  was  used  for  the 
water  content  determination. 

_A  plot  of  q  vs  p  for  all  isotropically  consoli¬ 
dated  R  tests  on  Batch  Mix  7  samples  is  shown  in  Fig.  F84. 
This  plot  shows  that  the  steady  state  friction  angle  of 
Batch  Mix  7  was  consistently  34°  for  values  of  p  less 
than  about  13  kg/cra^.  The  friction  angle  decreased 
slightly  at  higher  effective  stresses. 

The  steady  state  lines  for  Batch  Mix  7  (Figs.  15 
and  17,  in  terras  of  5fs  and  Sus ,  respectively)  were 


determined  on  the  basis  of  the  measured  values  of  033  and 
a  steady  state  friction  angle  of  34°.  The  corresponding 
relationships  are: 


®fs  =  (  ,C03^P  \  0  3S  =  1.56  033  for  <p  =  34° 

\1 -sin f  / 

Sus  =  /sin*cos9  \  5^  =  1>05  for  9  =  34° 

Y  1-sinip  / 

^us/^fs  =  tan  9 

F.4.5  S  Tests  -  Remolded  Samples 

Two  S  tests  (SI  and  S2)  were  performed  on  isotro¬ 
pically  consolidated  remolded  samples  of  Batch  Mix  7. 

The  purposes  of  the  tests  were  to  provide  additional  data 
for  developing  the  steady  state  line,  and  to  demonstrate 
the  independence  of  test  type  on  the  steady  state 
strength  of  a  soil.  Results  of  these  tests  are  presented 
in  Table  F4  and  individual  test  results  are  shown  in 
Figs.  F82  and  F83. 

Both  S  tests  were  performed  using  lubricated  end 
platens,  and  were  set  up  following  the  same  general  pro¬ 
cedure  discussed  in  Section  F4.2.2.  The  samples  were 
sheared  under  conditions  of  controlled  strain  at  a  rate 
slow  enough  to  allow  pore  pressure  dissipation. 
Measurements  of  applied  load,  axial  strain,  and  volume 
change  were  measured  during  shear. 

The  minor  principal  stress  was  decreased  during 
shear  in  an  attempt  to  keep  the  effective  stress  on  the 
failure  plane  constant  throughout  the  test.  The  effec¬ 
tive  stress  on  the  failure  plane  varied  somewhat  during 
shear  as  shown  by  the  stress  paths  in  Figs.  F82  and  F83. 
The  samples  were  contractive  throughout  shear,  and  the 
void  ratios  were  essentially  constant  at  the  end  of  the 
test. 

F.4.6  R  Tests  -  Remolded  Samples,  Anisotropicallv 

Conso 1 idated 


Nine  R  tests  (R201  through  R209)  were  performed  on 
anisotropically  consolidated  remolded  samples  of  Batch 
Mix  7.  The  main  purposes  of  these  tests  were  to  deter¬ 
mine  peak  strengths  and  strains  and  to  investigate  their 
variation  with  strain  rate.  In  addition,  five  of  the 
tests  reached  a  steady  state  condition  and  provided  addi- 


tional  data  for  defining  the  steady  state  line  of  Batch 
Mix  7.  Results  of  these  tests  are  summarized  in 
Table  F5,  and  summary  plots  for  the  individual  tests  are 
shown  in  Figs.  F85  through  F93. 

The  samples  were  prepared  as  discussed  in  Section 
F.4.2.2  above.  Both  lubricated  end  platens  and  conven¬ 
tional  end  platens  were  used  as  shown  in  Table  F5. 

Anisotropic  stresses  were  applied  at  the  end  of 
isotropic  consolidation.  This  was  done  by  applying  an 
axial  load  with  a  dead  load  frame  or  an  air  piston. 

The  samples  were  tested  at  strain  rates  that  can 
be  considered  either  slow  (<1%/min. ),  medium  (about  30  to 
50%/rain.),  or  fast  (from  3800  to  4900%/min. ).  The  slow 
and  medium  strain  rate  tests  were  performed  under  con¬ 
ditions  of  controlled  strain.  Fast  strain  rates  were 
achieved  by  instantaneously  applying  a  large  compression 
pulse  to  the  load  piston  attached  to  the  top  of  the 
sample.  Test  results  were  recorded  on  a  strip  chart 
recorder,  and  the  strain  rate  reported  in  Table  F5  was 
measured  from  the  record.  The  strain  rate  at  the 
beginning  of  the  test  tended  to  vary,  until  the  sample 
had  passed  its  peak  strength.  Thereafter  the  sample 
tended  to  deform  at  a  relatively  constant  velocity. 

Strain  rates  reported  on  Table  F5  are  based  on  the 
constant  velocity  portion  of  the  test. 

F.4.7  CRR  Tests  -  Undisturbed  Samples 

Five  triaxial  tests  (CRR1  through  CRR5)  were  per¬ 
formed  on  undisturbed  samples  primarily  to  obtain  recon¬ 
solidation  characteristics  of  the  soil  after  being  __ 

subiected  to  cyclic  loading.  The  tests  are  designated  CR 
to  indicate  cyclic  loading  under  undrained  conditions  and 
R  to  indicate  raonotonic  loading  after  cyclic  loading. 

The  following  procedure  was  followed: 

Phase  Procedure 


a  Anisotrop ical ly  consolidate  specimen  to 

the  approximate  in  situ  stresses  at  the 
sample  location  prior  to  the  1971  earth¬ 
quake  . 

Close  drainage  to  specimen  and  cyclically 
load  specimen  to  a  maximum  cyclic  axial 
strain  (single  amplitude)  of  about  3%. 
Restrictors  were  placed  on  the  load 


b 


piston  so  that  cyclic  strains  would  not 
exceed  3%. 

c  Open  drainage  to  specimen  and  measure  the 

decrease  in  void  ratio  caused  by  dissipa¬ 
tion  of  excess  pore  pressure  in  specimen. 

d  Anisotropically  consolidate  specimen  to 

the  approximate  in  situ  stresses  at  the 
sample  location  in  1985. 

e  Decrease  consolidation  stress  to  oic  = 

^3c  =  0.1  kg/cra^ . 

f  Isotropically  consolidate  specimen  to 

03c  =  8.0  kg/cra^. 

g  Shear  the  specimen  in  undrained  monotonic 

compression. 

Undisturbed  samples  ranged  from  a 
slightly  silty,  widely  graded  sand  to  a  clayey 
silt.  Grain  size  curves  of  samples  tested  are 
presented  in  Figs.  F45  to  F49.  Descriptions  of 
individual  samples  after  triaxial  testing  are  pre¬ 
sented  in  Table  F8. 

Plots  of  void  ratio  e  vs  03  for  each  test 
are  presented  in  Figs.  F94  to  F98.  These  plots 
show  void  ratio  changes  which  occurred  during  each 
of  the  phases  described  above. 

A  summary  of  Phases  a  through  c  is  pre¬ 
sented  in  Tabl3  F7.  During  cyclic  loading,  ^3 
decreased  from  initial  values  ranging  from  2.5  to 
3.2  kg/cm^  to  final  values  ranging  from  about  0.1 
to  0.3  kg/cm^.  Drainage  after  cyclic  loading 
caused  void  ratios  to  decrease  in  the  range  of 
0.027  to  0.048. 

Phase  "e"  was  performed  to  obtain  data  on 
the  amount  of  swelling  caused  by  a  decrease  in 
consolidation  stress.  A  plot  of  swelling  coef¬ 
ficient  (Ae/Alog^o)  vs  initial  void  ratio  is  shown 
in  Fig.  13. 

Samples  were  jreconsol idated  to  °3C  = 

8  kg/cra^  prior  to  the  R  phase.  Results  of  the  R 
phase  are  presented  in  Table  F3  and  data  plots  for 
individual  R  tests  are  presented  in  F i gs .  c’99  to 
FI  0  3. 


F.4.8  CR  Tests  -  Remolded  Samples 


Eleven  cyclic  triaxial  tests  (CR101  through  CR1  1  1 ) 
were  performed  on  anisotrop ical ly  consolidated  reraolded_ 
samples  of  Batch  Mix  7.  The  tests  are  referred  to  as  CR 
tests  to  indicate  that  a  cyclic  axial  load  was  applied, 
and  that  the  samples  were  undrained  during  shear. 

Results  of  these  tests  are  summarized  in  Table  F6,  and 
summary  plots  of  the  individual  tests  are  shown  in 
Figs.  F106  through  FI  1 5. 

The  purpose  of  these  tests  was  to  determine  the 
minimum  axial  strain  required  to  trigger  specimen  failure 
after  undrained  cyclic  loading.  The  consolidation 
stresses  were  chosen  such  that  the  ratio  of  undrained 
steady  state  shear  strength  to  driving  shear  stress  on 
the  failure  plane  would  be  as  close  as  possible  to  0.54, 
the  same  as  the  factor  of  safety  against  a  liquefaction 
flow  slide,  Sus/T(j(  through  the  critical  layer  (Zone  5) 
on  the  upstream  side  of  the  dam  in  1971.  Because  of  the 
sample  preparation  and  consolidation  procedures  used,  we 
typically  achieved  laboratory  Sus/xd  ratios  of  0.60  to 
0.70. 


It  was  desired  to  apply  cyclic  transient  loads 
that  would  not  be  available  to  drive  the  failure.  Only 
the  static  (conso lida t ion)  anisotropic  loads  would  drive 
the  failure.  A  loading  apparatus  was  developed  that 
allowed  application  of  triangular  shaped  axial  compres¬ 
sion  pulses.  A  schematic  diagram  of  the  loading  appara¬ 
tus  is  shown  in  Fig.  FI  04.  The  anisotropic  load  (Lc)  was 
applied  to  the  sample  by  adding  dead  load  to  the  hanger 
system  beneath  the  sample.  At  the  conclusion  of  con¬ 
solidation,  the  drainage  lines  to  the  specimen  were 
closed.  The  cyclic  load  (Fa)  was  then  applied  by 
imparting  blows  to  the  spring/cushion  system  above  the 
sample  using  a  hand-held  sledge  hammer.  The  stiffness  of 
the  spring/cushion  system  resulted  in  triangular  spikes 
lasting  about  0.03  to  0.05  seconds. 

The  force  applied  to  the  loading  yoke  was  moni¬ 
tored  using  a  load  cell  mounted  beneath  the  spring/ 
cushion  system.  The  load  applied  to  the  soil  was 
measured  using  the  load  cell  mounted  below  the  soil 
sample.  Axial  strain  was  measured  using  DCDT's  mounted 
on  the  load  piston,  and  pore  pressure  was  monitored  using 
standard  pore  pressure  transducers.  All  measurements 
were  recorded  on  a  strip  chart  recorder. 


A  typical  strip  chart  record,  from  test  CR1 1 1 ,  is 
shown  in  Fig.  FI  05.  The  record  has  been  redrawn  to  show 
axial  strain  (ea)  instead  of  deformation,  and  effective 
minor  principal  stress  (a 3)  instead  of  pore  pressure. 

The  applied  cyclic  force  Fa  is  the  force  applied  over  and 
above  the  anisotropic  consolidation  load  Lc.  The  total 
soil  force  Fr  is  the  1<  ad  resis-ed  by  the  soil  at  any 
point  in  time,  and  therefore  includes  the  anisotropic 
load  and  any  additional  load  imparted  to  the  soil  by  the 
cyclic  loading. 

As  shown  in  Fig.  F105,  the  applied  cyclic  force 
for  test  CR1 1 1  greatly  exceeded  the  available  soil 
resistance,  (i.e.  a  force  of  approximately  36  kg  was 
applied  to  the  loading  yoke,  while  the  soil  could  resist 
only  about  19  kg  more  than  the  consolidation  load). 
Therefore  the  sample  yielded  and  accumulated  axial 
strain.  Two  load  cycles  of  approximately  equal  magnitude 
were  applied  in  the  test. 

_The  axial  strain  at  the  end  of  cyclic  loading  for 
cest  CR1  1  1  was  about  0.47%.  After  cycling  had  stopped 
the  sample  continued  to  creep  under  constant  load  to  a 
strain  of  1.05%.  At  that  point  the  creep  rate  acceler¬ 
ated  and  the  sample  underwent  rapid  failure. 

The  significance  of  the  axial  strain  at  the  end  of 
cycling,  and  at  the  start  of  rapid  failure  can  be  seen  by 
observing  the  stress-strain  curve  for  anisotrop ical 1> 
consolidated  specimens  loaded  raonotonically  at  slow 
strain  rates.  The  axial  strain  at  peak  for  the  strain 
controlled  tests  averaged  about  0.1%.  Therefore,  the 
strain  at  the  end  of  cycling  during  test  CR1  1 1  had 
exceeded  the  strain  to  peak.  However,  during  the  strain 
controlled  tests  the  available  soil  resistance  at  strains 
of  up  to  about  1%  was  greater  than  the  consolidated 
shear  stress.  Therefore,  during  the  cyclic  test,  when 
the  accumulated  strain  had  reached  about  1%,  the  driving 
shear  stress  exceeded  the  soil  resistance,  and  the  sample 
failed  rapidly. 

F.5  Laboratory  Vane  Shear  Test 


One  laboratory  vane  shear  test  was  performed  on  an 
undisturbed  sample  of  the  clayey  core  (Sample  UF14C  from 
Boring  U 1  05)  .  This  sample  was  located  below  groundwater  level 
at  the  time  of  sampling  in  1985. 

The  laboratory  vane  was  1 .27  cm  in  diameter  and  1 .27  cm 
in  height.  The  vane  rotation  rate  was  19  degrees/ s econo. 


Results  of  the  vane  shear  test  are  presented  in 
Fig.  FI  16,  which  includes  a  plot  of  vane  shear  strength  vs 
displacement  of  the  periphery  of  the  vane. 
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Bot.  2  cm:  Predominantly  sandy  silt. 
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DRV  UNIT  WEIGHT 
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WATER  CONTENT  AFTER  COMPACTION,  w,  % 
SOURCE  OF  SOIL  :  Exploratory  Shaft 

SOIL  DESCRIPTION:  Batch  Mix  1;  Bag  Samples  BS1C2,  BS103,  BS104; 

Silty  Sand  (SM) 

COMPACTION  PROCEDURE  :  AS™  D1557-78,  Method  A 

NOTE:  "B"  indicates  bleeding  of  water  from  base  of 

compaction  mold  during  compaction. 


Army  Corps  of  Engineers 
Vicksburg,  Mississippi 

Re-evaluation  of 

Lower  San  Fernando  Dam 

San  Fernando,  California 
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/+\  GEOTECHNICAL,  ENGINEERS  INC 

Vsly  AT>0«STEB  *  MA8SAO*J8fTTS 

Project  85669 

Feb.  20,  1986  Fig.  FI 

DRY  UNIT  WEIGHT, 


DRY  UNIT  WEIGHT, 


130 


i  ! 

■  ! 

\  y -  ^100T  for  2  67 

!  1 

\  /  D“lwUfc  iUl  • U /  i 

1 

!  ! 

1  1  i 

\l 

! 

WATER  CONTENT  AFTER  COMPACTION,  m,  % 
SOURCE  OF  SOIL  :  Exploratory  Shaft 

SOIL  DESCRIPTION  :  Batch  Mix  3;  Bag  Samples  BS108,  BS109,  BSllO; 

Sand  and  Silty  Sand  (SP-SM) 

COMPACTION  PROCEDURE  :  ASTM  D1557-78,  Method  A 

NOTE:  "B"  indicates  bleeding  of  water  from  base  of 

compaction  mold  during  compaction. 
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COMPACTION  CURVE 
BA^CH  MIX  3 


Rroiect  85669 


Feb.  20.  1986 


R.  F  3 


DRY  UNIT  WEIGHT, 


V  '  y —  s-icm 

for  G-2.68  : 

1  1  i  \ 

j 

0  5  10  15  2 

WATER  CONTENT  AFTER  COMPACTION,  m,  % 
SOURCE  OF  SOIL:  Exploratory  Shaft 

SOIL  DESCRIPTION  :  E-atch  Mix  A;  Bag  Samples  BS112,  BS113,  BS11A; 

Silty  Sand  (SM) 

COMPACTION  PROCEDURE  :  ASTM  D1557-78,  Method  A 

NOTE:  "B"  indicates  bleeding  of  water  from  base  of 

compaction  mold  during  compaction. 
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Feb.  20,  1986  Fig.  FA 

WEIGHT, 


DRY 


WATER  CONTENT  AFTER  COMPACTION,  w,  % 
SOURCE  OF  SOIL:  Exploratory  Shaft 

SOIL  DESCRIPTION  :  Batch  Mix  6;  Bag  Samples  BS207  through  ES210; 

Silty  Sand  (SM) 

COMPACTION  PROCEDURE  :  aSTM  D1557-78,  Method  A 

NOTE:  "B"  indicates  bleeding  of  water  from  base  of 

compaction  moid  during  compaction. 
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COMPACTION  CURVE 
BATCH  MIX  6 


Feb.  20,  1°86  Fig.  F6 
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STANDARD  SIEVE  OPENING  IN  INCHES  US  STANDARD  SIEVE  NUMBERS  HYDROMETER 
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STANDARD  SIEVE  OPENING  IN  INCHES  US  STANOARD  SIEVE  NUMBERS  HYDROMETER 
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LOWER  SAN  FERNANDO  DAM 


ELECTIVE  STRESS  °  STATE  I  TEST  DETAILS 


STATE  TEST  DETAILS 
Hetght-9  47  c 


STRESS  °  .  '  '  . .  . .  STATE  TEST  DETAILS 


VOID  RATIO, 


VOID  RATIO 


♦See  text  of  Appendix  for  explanation  of  Phacec. 

I  7T  I  i  “  ’  SUMMARY  OF  VOID  RATIO 

Army  Corps  of  Engineers  Ke-evaiuatlon  oi  CHANGES  -  TEST  CRR2 

Vicksburg,  Mississippi  Lower  San  Fernando  D air  EXPLORATORY  SHAFT 

-  San  Fernando,  California  SAMPLE  TS306A 

T  .  GEOTECHNICAL  ENGINEERS  INC - 
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Project  85669 


Sept.  2,  1987  Fig.  F95 


VOID  RATIO, 


LOADING  YOKE 
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APPLIED  IMPULSE  FORCE 

SPRING  TO  DtSTRIBUTE  IMPULSE  FORCE 


LCif]  LOAD  CELL  TO  MEASURE  IMPULSE 
L~J  APPLIED  TO  LOADING  YOKE 

tcaQ  LOAD  CELL  TO  MEASURE  SOU.  LOAD 

^  j  DCDT'S  TO  MEASURE  AXIAL  DEFORMATION 

IZZ2  LUBRICATED  END  PLATENS 

.  .  ADJUSTABLE  MASS  FOR  BALANCING 
M  SYSTEM  AND  CONTROLLING  MASS 
-  MOMENT  OF  INERTIA 


NOIL L 

THE  FOLLOWING  ARE  NOT  SHOWN: 

1.  Air  Pressure  Regulating  System 

2.  Back  Pressurs  and  Cell  Pressure  Llnss 

3.  Pore  Pressure  Transducer 

4.  Volume  Change  Measurement  System 

5.  Strip  Chart  Recorder 

NOT  TO  SCALE 


DEAD  WEIGHT  SYSTEM  FOR  APPLYING 
ANISOTROPIC  CONSOLIDATION  STRESSES 


\  XAMT 


SHEAR  STRESS 


q  defined  in  Table  F6 
r 


q  (Note:  q  not  aeasured) 


20%  strain;  pore  pressure 
not  equalized. 


CYCLE  NUMBER 

SOIL:  Batch  Mix  7.  Silty  Fine  Sand  with  50.5’L  slightly 

plastic  fines. 

STRUCTURE:  Remolded.  Compacted  moist  at  4Z  water  content 
in  8  layers.  Soil  passed  through  No.  40  sieve 

STATE:  clc  =  2.03  kg/cm2  ec  =  0.636 

o  =  1.00  kg/ cm^  Yj  *>  102.6  pcf 

3  c  b  c 

LOADING:  Undrained  Cyclic  Axial  Compression. 


Army  Corp6  of  Engineers 
Vicksburg,  Mississippi 
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SUMMARY  PLOTS 

Lower  San  Fernando  Dam 

CYCLIC  TRIAXIAL 
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Sept.  2,  1987  Fig.  F107 


Average  q 


CYCLE  NUMBER 

SOIL:  Batch  Mix  7.  Silty  Fine  Sand  with  50.57.  slightly 

plastic  fines. 

oTRUCTURE :  Remolded.  Compacted  moi6t  at  L*  water  content 

in  6  iavers.  Soil  passed  tnrough  No.  L0  sieve 

STATE:  o-  =,  2.05  Kg/ cm1-  e  =  C.593 
-  -  c  c 

°3C  =  1-00  kg/ cm/  Yac  e  105. U  pcf 
LOADING:  Undrainea  Cyclic  Axiai  Compression. 
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SUMMARY  PLOTS 

Lower  San  Fernando  Barn 
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t.  2,  1987  Fig.  F108 


q  and  q  defined  in  lable  f6 


20*  strain;  pore  pressure  not  eauaiized 


CYCLE  NUMBER 

SOIL:  Batch  Mix  7.  Silty  Fine  Sand  with  50.5*  slightly 

plastic  fines. 

STRUCTURE:  Remolded.  Compacted  moist  at  4Z  water  content 
in  8  layers.  Soil  passed  through  No.  40  sieve 

STATE:  =  2.01  kg/'cm^  e^  •=  0.647 

-■j  =  1.00  kg/cm2  y  =  101.9  pcf 

3c  °  dc  K 

LOADING:  Undrained  Cyclic  Axial  Compression. 
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SUMMARY  PLOTS 
CYCLIC  TR_I AXIAL 
TEST  CR105 


.  2,  1987  Fig.  F110 


q  anti  q  defined  in  table  F6 


Same le  crept  to  start  of  rapid  straining 
it  e  =  1.85%  in  17  seconds. 


itart  of  rapid  straining;  pore  pressure 
equalized. 

20%  strain:  pore  pressure  not  equalized 


CYCLE  NUMBER 

SOIL:  Batch  Mix  7.  Silty  Fine  Sand  with  50.57.  6lightly 
plastic  fines. 

STRUCTURE:  Remolded.  Compacted  moist  at  4Z  water  content 

in  8  layers.  Soil  passed  through  No.  40  sieve 

STATE:  c3c  =  2.00  kg/cm2  e^_  =  0.649 

°3c  =  1.00  kg/cm2  -rdc  =  101.8  Pcf 

LOADING:  Undrained  Cyclic  Axial  Compression. 


Army  Corps  of  Engineers 
Vicksburg,  Mississippi 
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Lower  San  Fernando  Dam 

Z'+N  GEOTECHNICAL  ENGINEERS  INC 

\L/  «^*><>€rrfo  •  MAssAOejBftT!. 

San  Fernando.  California 

Proiect  85669 

SUMMARY  PLOTS 
CYCLIC  TP  I  AXIAL 
TEST  CR108 


2.0 


CYCLE  NUMBER 

SOIL:  Batch  Mix  7.  Silty  Fire  Sand  with  50. 5Z  slightly 

plastic  fines. 

STRUCTURE:  Remolded.  Compacted  moist  at  4*4  water  content 
in  8  layers.  Soil  passed  through  No.  40  sieve. 

STATE:  o^c  =  2.01  kg/cm^  «=  0.645 

°3C  =  1.00  kg/cm2  Tdc  «=  102.0  pcf 


LOADING:  Undrained  Cyclic  Axial  Compression. 
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Sept.  2,  1987  Fig.  F113 

q  and  q  defined  in  table  F6 


Sanple  crept  to  start  of  rapid  straining 
at  e  =  1.19%  in  42  oinutes. 


Start  of  rapid  straining;  pore  pressure 
equalized. 


20%  strain:  pore  pressure  not  equalized 


CYCLE  NUMBER 

SOIL:  Batch  Mix  7.  Silty  Fine  Sand  with  50.571  slightly 

plastic  fines. 

STRUCTURE:  Remolded.  Compacted  moist  at  471  water  content 
in  8  layers.  Soil  passed  through  No.  40  6ieve 

STATE:  aic  =  2.00  kg/' cm  2  =  0.651 

03c  -  1.00  kg/ cm 2  Tdc  =  101.7  pcf 

LOADING:  Undrained  Cyclic  Axial  Compression. 


SUMMARY  PLOTS 
CYCLIC  TRIAXIAL 
TEST  CR110 


Sept.  2,  1987  Fig.  F114 
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